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On planet earth, people aren't the only behaving organisms. Other animals, who are 
less able to resist being investigated, provide many examples of behavior that are 
surprisingly similar to human behavior. For example, such famous ethologists a s 
Niko Tinbergen and Konrad lorenz have described activities in various birds and fish 
that differ in detail yet are similar in overall design and in purpose. The instance 
that is cited most often is the luring of a m ate to a chosen nest site. And it isn't too 
difficult to see analogies with human behavior. 
At USU, a long-term investigation of ground squirrels produced other analogies. 
Results of an experiment involving the telemetering of heart rates have been especi -
ally intriguing. Apparently these animals experience more physiological stress when 
they must leave the colony to establish their own "territories," than when they con-
front a familiar rival and a potential fight. For squirrels, as for people, anything 
strange tends to be frightening and therefore stressful. That's why most of us elin 
to old traditions and methods even when we know they no longer "work". 
Hopefully, further study o.f the squirrels may help us better understand how to 
ease the effects of such stress on people. 
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~ 
The race between population in-
creases and food supplies in terms 
of potential famine have be,en d.r3lIn-
-'Atiljed by newspape1rs, magazines., 
books, radio and television so ex-
tensively thatalmoSit everyone can 
/ lile expected to have· a pronounced 
opinion. In the, early 1960's. sever-
al assessments: of the situation pre-
dicted ex'tensive famines. by the mid 
1970's. Pres,ent predictions are 
somewhat less, pe.ssimistic, but oom-
monly anticipate a crisis in 10 to 
not more than 30 years. 
Wheat is the major Utah crop 
affected by the changing world food 
picture, and every wheat grower is 
aware that a great change has ocour-
red in exports to India and the 
countries which depleted much of 
the res'erves. of Canada and the U.S. 
in 1963-67. New surpluses are ac-
cumulating and the fut.ure is U1l!-
certiain. Let us examine the· situ-
ation and see what alternatives are 
in store. 
" 
POPULA T10N - FOOD 
Prophets of the coming food crisis 
,base their predictions on !the tre-
mendous rate of population increase, 
which, if continued, will inevitably 
lead to dis·aSJtoc. The figures 3['e 
alarming. World human population 
appears to have doubled at roughly 
thousand-year intervals until 1650 
A.D. It reached a billion by 1850. 
By 1930, 80 ye,ars latter, another 
billion had been added. Thirty.,five 
I, year.s later another billion had been 
• 
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added. The world population is 
now increasing at a r:ate that will 
double itself in less than 40 years 
(nearly 200,000 each day). A,t 
that rate,' the world will have six 
billion pecple by 2000. Such a 
statistic alarms many thoughtful 
people both from the viewpoint of 
food shortages and the many envir-
onmental and social problems com-
ing from the inevitalble crowding of 
people in limited space. 
Estimates for likelihood of ~ 
viding food for .the world's soaring 
population depends on suoh diverse 
factors as .the area of ·suitahle land 
available for cropping, areas of land 
diverted for non-agricultural areas, 
the yields per acre, other sources of 
food such as lakes 'and oceans, the 
level of nutr.ition people w.ill toler-
ate and the kinds of foOO people 
eat. Obviously, revere shortages are 
inevitable if people throughout the 
world should demand ithe quantities 
of meat conSiumed in ·the United 
States. 
FOOD AND POPULATION TRENDS 
I n The Less Developed Non-Communist Countries 
140~IN-D-E-X-E-S,-1-9-57-_-1-95-9-=-1-0-0-----------------------1-4-0-~~/~--' 
I 
/ 132 / / ••... 
1~~------------------------------------~r--.~--~ I ..... 
I ..... . 
t··· 
120r---------------------------~/"-:·~~-·----------~ 
/ ..... 
Total Food Production ___ / ••• ( 
--.../ .' '" 
". •••••• Population 
110r-----------------~~L.·-··-·--------------------~ 
/ ...... . 
/ .' / .... 
/ ..... 
-:: .. , 
106 
100~--~~~~~~~------~----------~----------~ 
Per Capita Food 
Production 
1955 '56 '57 '58 '59 '60 '61 '62 '63 '64 '65 '66 '67 '68 '69 
WYNNE THORNE is Vice President for Re- Figure 1. Data in this graph showing food and population trends are 
search, Utah State University. from the Food and Agriculture Organization of the United States. 
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RESOURCES 
Many of those claiming to write 
as authorities on the food crisis 
grossly underestimate the land area 
that could produce crops. Recent 
surveys by the Food and Agricultur-
al Organization of the United N a-
tions and the U.S. Soil Conservation 
Service have provided the assess-
ment of land resources shown in 
table 1. 
These data indicate that cultivated 
land could be doubled, at the ex-
pense of greatly reducing grazing 
land and timber resources. Also, the 
available uncultivated land is not 
uniformly distributed. The reserves 
of potentially arable land not culti-
vated are least in Asia and Europe, 
although Russia has limited addi-
tionalland resources associated with 
favorable climate. South America 
and Africa, two areas with critically 
low food supplies, have vast un-
developed land resources. 
While presently cultivated land 
is usually more productive than that 
not already under cultivation, the 
claims that this undeveloped land is 
largely desert and would require ir-
rigation or drainage, or is too ex-
pensive to bring into productive 
Figure 2. Plowing with hand plow 
growing nations in population. 
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cropping are inaccurate. Of the po-
tentially cultivatable land in Africa, 
82 percent is located in regions re-
ceiving adequate precipitation for 
crop production during 4 or more 
months each year. In Australia and 
New Zealand, the percentage of such 
land having similar favorable pre-
cipitation environments is 78, in 
North America, 95; and in South 
America, 92. Some of the land, such 
as large areas in Brazil, has remain-
ed undeveloped because of low fer-
tility. Soil scientists can decipher 
the deficiencies, however, and in 
many cases have devised relatively 
inexpensive treatments that can con-
vert such soils into a moderately 
productive status. 
The potential benefits from crop-
ping undeveloped land reserves arc 
counterbalanced by othe.r losses and 
risks. Much of this land is cur-
rently used for grazing and forests. 
Reductions in livestock feed caused 
by shifting to cultivation can be met 
out of increased production if good 
farming methods are used, but the 
gain-loss situation must be pre-
evaluated. Destruction of forests to 
acquire crop land may force critical 
shortages in lumber supplies. There 
are hazards from concentrated crop-
ping areas because insects and dis-
eases are accentuated precipitously 
with monoculture practices. Con-
trolling the additional pests with 
present chemicals will further pol-
lute an environment that is already 
threatened. The social and enviro~ 
mental losses from the. destruction 
of natural areas must also be debited 
against the benefits of more food. 
YIELDS PER ACRE 
Important as reserve cultivatable 
land is to future food supplies, the 
most promJsing universal potentia 
is from increasing yields on lands 
already in production. Until as re 
cently as 3 years ago, efforts to in 
crease yields per acre were primaril)l 
successful in the well developed na 
tions. The most reliable informa 
tion is available for grain crops. Be-
tween 1934-38 and 1957-60, yields 
of such crops increased by 109 per-
cent in North America; by 62 per-
cent in Australia; and 37 percent in 
Western Europe; but by only 8 per-
cent in Latin America, 7 percent in 
Asia, and 20 percent in Africa and 
Eastern Europe and USSR. 
Food production increases in re-
lation to growing populations in 
the developing countries are shown 
in table 1. Obviously in these coun-
tries food production has scarcely 
kept up with the population and the 
.f' 
still very common in India, one of the world's fastest 
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average individual is only slightly 
be·tter fed now than 10 years ago. 
and in some areas he has even less 
food. 
The dilemma of the individual is 
dramatically illustrated by India, 
where ounces of food per person 
per day has increased from 14 to 16, 
whereas an adequate level is esti-
mated to be 21. In 1968, if an ad-
equate diet had been provided as 
many people in India as possible, an 
estimated 160 million people would 
have received no food at all. In 
spite of such a deplorable situation 
India's popUlation is now increasing 
at 15 million per year. Can we then 
validly hope that India and the world 
, . can produce the neded food? The 
answer is a tentative~y optimistic 
"yes." But that "yes" presumes 
quick and widespread education of 
farmers around the world, along 
with continued intensive experiment-
ation to increase the produotivity of 
I plants and animals. 
THE GREEN REVOLUTION 
In 1961 a wheat developed in the 
state of Washington was released to 
weSitem farmers. Named Gaines, it 
had short stiff stems that resisted 
lodging and it was readily adopted 
by irrigation farmers. When ade-
quately irrigated and liberally fertil-
ized, Gaines wheat often provided 
yields in excess of 100 bushels per 
acre. This wheat was the forerunner 
of a new series of crop varieties 
that is revolutionizing agricul-
ture throughout the world and 
bringing new hope to farmers and 
hungry people everywhere. A con-
certed wheat breeding program that 
is cooperative between the govern-
ment of Mexico and the Rockefeller 
Foundation, used some of the same 
parent stocks that lead to Gaines 
wheat, to produce wheats with 
world-wide adaptations. These new, 
often termed "miracle", wheats have 
two traits in common. One is short, 
stiff straw, the other is a gene which 
makes them relatively tolerant of 
drastic differences in day length. 
This means they can be grown 
throughout many geographic re-
gions and can be planted over a 
wide date range. 
New rice varieties have been de-
veloped in the Philippines and else-
where with comparably advantag-
eous traits. The high yielding wheats 
and rice are now accompanied by 
sorghums, millets, and corn with 
similar potentials for high produc-
tion and broad adaptations. 
The new crop varieties have come 
at a fortunate time, when knowledge 
and materials are available to pro-
vide the other factors needed to at-
tain high yields. Chief among these 
are fertilizers, controls for insects 
and diseases, irrigation, higher 
plant population per acre, and tech-
nology for soil management. Results 
with the new crop varieties and the 
accompanying technology have been 
so favorable that the total thru·st 
forward has been termed 'the "Green 
Revolution. " 
The impact of this green revolu-
tion is illustrated with developments 
in India. The large population is 
now 550 million, which is depend-
ent upon 380 million acres of crop 
land, has provided for generations 
a situation of chronic hunger verg-
ing on famine. Most of the food 
has come from the cereal grains 
- wheat, rice, sorghum, millet 
and com. Nearly all the country has 
a 12-month growing season, yet the 
national average crop production 
has not exceeded 1.1 crops per year. 
About 18,000 tons of Mexican seed 
wheat were imported in 1966. A 
year later, in the 1967-68 growing 
season, 6 million acre,s (18 percent 
of the wheat acreage) were sown to 
these dwarf wheats. This 18 per-
cent of the total area produced an 
estimated 40 pe.rcent of the 100 mil-
lion ton total. The average yield 
for the country to 1967 remained 
near 800 pounds per acre. In 1968 
this increased to nearly 1200 
pounds. The 1969 plantings of the 
new wheats exceeded 10 million 
acres. If rodents and other pests can 
Table 1. Population and land resources by continents. 
Population Land in millions of acres Acres land 0;0 of potentially 
1965 Potentially cultivated arable land 
in millions Total Cultivated arable per person cultivated 
Africa 310 7,460 390 1,810 1.3 22 
Asia 1,855 6,760 1,280 1,550 0.7 83 
Australia-
New Zealand 14 2,030 40 380 2.9 2 
Europe 445 1,180 380 430 0.9 88 
North America 255 5,210 590 1,150 2.3 51 
South America 197 4,330 190 1,680 1.0 11 
U.S.S.R. 234 5,520 560 880 2.4 64-
TOTAL 3,310 32,490 3,430 7,880 1.0 43 
Source-adapted from The World Food Problem Vol. 11, Page 434, 1967 
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be controlled and the farmers con-
tinue toO convert to better varieties 
and different tenns of cropping, 
India could be self -sufficient in food 
production. 
The story of rice is similar to 
that of wheat. A new stiff strawed 
rice tolerant of day length difference 
was developed at the RockefelIe.r 
Research Center in the Philippines. 
The principal new variety, IR 8, is 
being widely adopted in rice-using 
nations. In 1968 about 6 million of 
India's 88 million acre,s of rice were 
of this new variety Oor close relatives 
of it. 
Simil,ar high-yielding varieties of 
sorghums, com and millets have 
been developed and the acreages 
planted are rapidly increasing. 
The impressive changes in crop 
varieties have been accOompanied by 
dramatic increases in fertilizer usage. 
It is expected that farmers use of 
fertilizer will increase from 600,000 
tons in 1963-64 to 4 million tons 
in 1970-71, virtually a six-fold in-
crease in 7 years. 
SOME PROBLEMS 
Of course, the green revolution 
has not been withOout problems. 
Mexican wheats are of the red type. 
The people of India prefer amber 
wheats. IR 8 rice is hard and 
many of the people strongly prefer 
the oldeT softer types. The in-
creased yield is doing much to meet 
the energy crisis, but there is 8ti11 a 
serious protein deficiency. The 
legume vegetables, such as peas, 
beans and pulses have not been im-
proved to show yield increases com-
o parable to the cereal grains. New 
grain varieties, however, have now 
solved the colm preference in wheat 
and have altered the characteriSltics 
of rice. Plant geneticists even hold 
out hope of helping to mee,t the pro-
tein shortage by providing grains 
with more and better quality pro-
tein. 
Thoughtful analysts are not con-
cluding that the dramatic increases 
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in grain production will provide a 
permanent solution to famine, but 
a reprieve has certainly been PTa-
vided, an additional decade or two 
to find how to limit population in-
creases. 
The new seeds and fertilizer are 
generating an enormous thirSit for 
irrigation water among millions of 
farmers in the poor countries. In-
dian farmers installed 42,000 tube 
wells in 1968, capable of provid-
ing 8 million acre feet of water. 
These farmers also purchased 200,-
000 pump~sets. A large proportion 
replaced traditronal bullock- OT 
hand-powered devices. Similar in-
creases in irrigation are gOoing on in 
Pakis,tan, Thailand, SOouth Vietnam 
and many Oother countries. 
The revolution in agriculture is 
affecting U.S. wheat exports. Ex-
ports in 1964 exceeded 500 million 
bushels, but by 1968 exports had 
declined 45 percent, to 283 million 
bushels. Furthe'r decreases are ex-
pected. Taiwan represents a counter 
trend that shOould increase. As per-
sonal income has increased, so also 
has the demand for meats, and 
grains al'e being imported in large 
quantities to feed chickooos and 
swine. 
The a.gricultural revolution is hav-
ing an impact fOor imprOovement in 
industry, transportatiOon, education, 
clOothing, and many other aspects of 
life in develOoping countries. People 
who have resisted change for cen-
turies are seeing and accepting new 
hOopes for the future. A brighter 
prospe,ct is becoming visible to mil-
lions of people. These people n~ 
help more than ever before, how-
ever, to assist them in making sound 
decisions toward a better future. 
And that should be a rallying 
point for some idealistic, energy-
rich yOoung people. If agricultural 
colleges in the U.S. can provide 
youthful scientists with the know-
how, with a desire to serve man-
kind, and with ways toO se:rve where 
assistance is needed, the whole 
world will benefit. 
Figure 3. In the struggle to feed the world/s people, antiquated irriga-
tion practices such as these must be replaced with more efficient methods 
of delivering water to thirsty cropland. 
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Getting the ttinside" story 
REX s. SPENDLOVE with LOIS M. COX 
One good way to get to know 
someone is to spend time with him 
in his own home. Scientists trying to 
understand viruses have recognized 
this truth but have had trouble ap-
plying it to their quarry. At least 
they did until the electron micro-
scope gave them access to the in-
ternal world of the cell: As it turned 
l out, however, entry into a cell gen-
erated more questions than it an-
swered. 
Instead of simply gaining the de-
sired insight into how an animal 
virus operates inside a cell, virolo-
J gists found themselves involved with 
cellular mysteries. For example, one 
kind of virus (reoviruses) has a 
strong affinity for microtubules. 
USU scientists have been making 
imaginative use of this affinity to 
develop information ,and techniques 
useful in such things as cancer 
therapy and problems of aging. 
KINDS OF VIRUSES 
Most viruses contain double-
stranded DNA or single-stranded 
RNA as their genetic material. 
Genes (the basic units of heredity) 
are normally double-stranded DNA. 
This holds true for all plants, all 
people, and all other animals. The 
DNA messages (blue eyes, long fin-
gers, prominent nose, etc. ) are 
transmitted as single-stranded RNA. 
So the commonly encountered mech-
anisms of inheritance never involve 
double-stranded RNA. 
But apparently every "general" 
rule must have its exception, and 
the exception here is the reoviruses, 
which have double-stranded RNA as 
their genetic material. 
• 
REX S. SPENDLOVE is Professor and Head of 
the Department of Bacteriology and Public 
Health. LOIS M. COX is Science Writer for 
the Utah Agricultural Experiment Station and 
Division of University Research. 
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When a DNA virus invades an 
animal cell, its method of reproduc-
ing itself is difficult to segregate from 
the cell's method. By contrast, since 
a reovirus starts its reproductive 
microtubules 
nucleus 
Figure 1. The cell is the basic 
structural and functional unit of all 
plants and animals. It is the simp-
lest bit of living matter that can 
exist independently and exhibit all 
the characteristics of life. In its 
most simplified, non-dividing form, 
an animal cell consists of its "wall," 
a nucleus, and various structures 
such as the microtubules. Each 
structure has its job to do, which 
contributes to the well-being of the 
cell, but only the microtubules are 
of major concern here. 
cycle with double-stranded RNA in-
stead of DNA, it is much easier to 
track inside a cell. This has made 
reoviruses especially popular with 
researchers. 
Their popularity is further assured 
by their apparent ability and willing-
ness to infect cells from any mam-
mal you can name. You, yourself, 
may be harboring some reoviruses 
right now-probably in your respira-
tory or intestinal system. 
THE VERSATILE MICROTUBULES 
Each cell (figure 1) in an ani-
mal's body can be likened to a fac-
tory. The office (nucleus) stores the 
patterns (genes) that are used by the 
machines (ribosomes and enzymes) . 
The machines, in tum, produce 
structural components for new, iden-
tical cells, and other products such 
as hormones, antibodies, and waste 
materials, which are exoreted from 
the cell. 
The cell also contains organelles, 
which are comparable to highly spe-
cialized divisions within the factory. 
Among the organelles, the micro-
tu buIes (figure 2) rank as excep-
tionally versatile, busy, and difficult 
to study. 
Microtubules are seen in various 
locations in cells, depending upon 
the type of cell and its state of activ-
ity. For example, in a non-dividing 
cell, microtubules are found in the 
area around the nucleus. These 
microtubules are thought to play a 
role in intracellular particle move-
ment, electrolyte transport, move-
ment of certain pigments, and the 
changing of cell shape during em-
bryonic development. 
The dividing cell presents an en-
tirely different situation. In a cell 
that is getting ready to divide, the 
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Figure 2. This is an artist/s interpretation of a microtubule, showing its 
hollow central channel, and thirteen globular fibrils enclosed in a matrix 
of so-far undefined material. Each fiber is composed of oval protein sub-
units arranged so that the fiber looks like a string of beads (from figure 
9 in R.S. Spendlove, Progr. Med. Virol., vol. 12, 1970). 
genes have been duplicated, so the 
cell contains two sets of gene-carry-
ing chromosDmes. The spindle and 
centriole microtubules (in some 
unknown way) move the two sets 
of chromosomes to 'Opposite sides 
of the cell just prior to division (fig-
ure 3). Thus, each daughter cell 
gets a full complement of genes. 
Without a complete set of genes, a 
cell cannot function normally. Such 
an incomplete cell may die, or it 
may go "out of control" as a malig-
nancy. 
In some cells, especially those 
forming surface membranes, the 
centrioles duplicate many times and 
then migrate to the cell surface 
where they become established as 
centriole (microtubules) 
spindle (microtubules) 
chromosomes 
Figure 3. A cell preparing for division. Two pairs of chromosomes 'are 
shown. One chromosome of each pair will be moved by the spindles 
(microtubules) to one pole (centrioles) while th~ other chromosomes will 
move toward the opposite pole. After the chromosomes have migrated, 
the cell will constrict through the center forming two daughter cells, and 
the chromosomes will localize in a nucleus. 
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basal -bodies, from which cilia (hair-
like structures) form. MicrotUbules 
are the major cDmponent 'Of basal 
bodies and cilia. Cilia are invDlved 
in such diverse physiological proc-
esses as making nutrients available 
to the body, circulation, respiration, 
and sensory reception (sight, hear-
ing, smell, taste, and t'Ouch). Micro-
tu buIes give motility ,tD sperm, so 
they are also important to the fer-
tility and reproduction 'Of animals. 
THE MYSTERIOUS MECHANICS 
OF MICRO'TUBULES 
Even with the help of the electrDn 
microscope, it has been much easier 
to define the duties of microtubules ' 
than to discover how they are ful- . 
filled. 
In part, the problem has been that 
the subunits making up the fibers 'Of 
microtubules are easily disoriented 
by low temperature, high pressure, 
or by certain chemicals called spin-
dle poisons. When such a disrupting 
influence is removed, the subunits 
usually reorient rather quickly. This 
dynamic self-reconstruction has 
made microtu bules very difficult to 
study. 
Then too, many of the procedures 
required to prepare cells for exami-
natiDn under the microscope irrev-
ocably dis,rupt the micr'Otubules. 
Some of the procedures are effective 
only if the cells are dividing. Such 
technical problems have limited 
most microtubule investigations to 
sea urchin eggs, t'O cilia in one-celled 
animals (protozoa), or tD other 
organisms not closely related to 
mammals. 
The solution to this frustrating set 
of circumstances came while the 
senior author was trying to see .how 
a reovirus affected human cells 
growing on glass micrDscope slides. 
In order to use the electron micro-
scope ,to check 'On the increase in the 
virus and its location in the cells, a 
stain specific for the virus was ap-
plied to each slide. 
But when the first slide was exam-
ined through the microscope, the 
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virus was in very uncharacteristic 
filaments (figure 4) instead of ibeing 
clumped or uniformly dispersed 
throughout the cytoplasm. As more 
slides were observed, it became ob-
vious that, in dividing cells, the virus 
concentrated in the areas occupied 
by the spindle microtubules (figure 
5). The virus apparently had an af-
finity for microtubules and coated 
them with virus material. To test this 
hypothesis, cells were infected with 
the virus in the presence and. absence 
of chemicals known to disrupt 
microtubules. Virus in cells with dis-
f ' rupted microtubules was observed as 
globular masses, not as filame~ts 
(compare figures 4 and 6). 
Extensive study revealed that the 
virus filaments in an infected cell 
responded to physical and chemical 
agents in the same way as do micro-
tubules in healthy cells. And since 
the virus was readily stained and ob-
served, the scientists finally had a 
way to "see" microtubules in mam-
malian cells. 
USING THE TOOL 
This new-found "visual aid" is 
allowing USU scientists to begin test-
ing all sorts of interesting theories. 
The significance of microtubules in 
the development of can c e r 0 u s 
growths has been receiving special 
attention. 
Microtubules have long been a 
prime target fOT those seeking to 
slow or stop malignant cell divisions. 
Figure 4. Microscope pictures of a 
grivet monkey kidney cell infected 
with reovirus. The virus, the only 
material that stains, appears as 
white filaments as a re·sult of its 
affinity for microtubules. There is 
no virus in the centrally located 
nucleus, so it appears black (from 
figure 1 in Spendlove, et aI., Can-
cer Research, vol. 24, 1964). 
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Figure 5. Two cells in the same stage of division as that illustrated in 
figure 3. The nuclear area appears flattened because the chromosomes 
are aligned at the equator of the cell. The virus is concentrated in the areas 
occupied by the spindle microtubules (from figure 2 in Spendlove, et 01., 
J. Immunol., vol. 90, 1963). 
In preliminary experiments, the 
senior author and a graduate stu-
dent, Marden Kohler, used micro-
tubules that were disintegrated when 
the cells were exposed to refrigera-
tor temperatures (40° F). These 
microtubules were , only poorly re-
paired when the cells were returned 
to body temperature if spindle 
poisons (anti-cancer drugs) were 
present in concentrations having 
little effect on intact microtubules. 
The conclusion was that skin and 
some other forms of cancer might 
be treatable by first administering a 
low concentration of spindle poison. 
Then, after the drug had penetrated 
the tissues, chilling the tumor should 
confine toxic effects to the malignant 
cells. 
Another a p pro a c h to cancer 
chemotherapy has ooen suggested by 
the seemingly universal roovirus-
microtubule affinity. Reoviruses 
have been attracted to the micro-
tubules of all mammalian cells tested 
at USU. These have included human 
kidney, lung, heart, brain and skin 
cells; plus bovine, cat, chicken, dog, 
mink, monkey, mouse, pig, hamster, 
rabbit and sea lion cells. It seems 
that microtubules of most, if not all, 
cells have a structure complemen-
tary to that of a reovirus protein. 
Hopefully, additional res'earch will 
define the precise nature of the reo-
virus-microtubule attraction. Then 
it may be possible to interfere with 
microtubule function in malignantly 
dividing cells by binding chemicals 
to the tubules using the same bond-
ing forces that attract reoviruses. 
One more potential application of 
the USU technique in cancer is as a 
screening test prior to cancer ther-
apy. Velban is the spindle poison 
that is most commonly used in treat-
ing some fonns of cancer. The drug 
is somewhat toxic, though less so 
than some of the other spindle 
poisons. The problem of toxicity 
makes it desirable to determine how 
Velban or any comparable drug will 
affect an individual prior to its use 
in therapy. 
At present it is not known whether 
or not cells from different organs or 
tissues of an individual respond dif-
ferently to a particular spindle 
poison. In addition, it is not known 
whether or not cells from the same 
Figure 6. A grivet monkey kidney 
cell infected with reovirus in the 
presence of colchicine. Colchicine 
disrupts the orientatinon of micro-
tubule subunits. Compare the fil-
amentous arrangement of the virus 
in figure 4 with the globular ar-
rangement in this picture (from 
figure 1 in Spendlove, et 01., Can-
cer Research, Vol. 24, 1964). 
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tissues in different individuals are 
similar in their response. With the 
USU technique, these problems can 
be sO'lved. Then pre-use judgments 
can be made about treating specific 
cases with a particular spindle 
poison. 
BEYOND CANCER APPLICATION 
Microtubules have sO' many func-
tions that research possibilities are 
virtually unlimited. For example, 
microtubules "are responsible for 
much intracellular activity. A lessen-
ing or cessation of micrO'tubule effec-
tiveness might therefore account for 
many of the symptoms of aging. The 
USU group plans to' " grow cells in 
the laboratory that they obtain from 
various organs from human fetuses 
and from elderly persons. The rates 
of disruption and reorientation of 
microtubule subunits in the different 
cells will be compared. If the rates 
are slower in cells obtained from 
older individuals, a study will be 
conducted to determine the factors 
responsible, and eventually ways 
may be found to' return the micro-
tubules to their original activity 
levels. 
Preliminary experimen.ts have 
demonstrated some intriguing facts 
about microtubules in hibernating 
animals. When animals enter a true 
hibernation, their temperature drops. 
The senior author and his associates 
are trying to discover whether this 
"natural" chilling affects " microtu-
buIes as does artificial refrigeration. 
They have started by comparing 
the amO'unts of a spindle poison 
(colchicine) required to' disrupt mi-
crotubules in human cells and in 
cells from the golden hamster, an 
animal "that hibernates. Approxi-
mately 1000 times more colchicine 
was required with the hamster cells. 
This indicates that either the en-
vironment inside the hamster cells 
protects the microtubules in some 
unknown way, or hamster and hu-
man microtubules have important 
differences, or hamster cells are rela-
tively impermeable to' colchicine. 
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The USU scientists will nDW re-
peat their experiments using cDld 
disruption. If the same differences 
are demonstrated, they will try to 
determine the precise reason for the 
stability of hamster cell microtu-
buIes. Some very basic biological in-
formation about hibernation could 
be obtained by this study. Also, the 
investigation could contribute to the 
development of improved techniques 
for" storing organs to be used in 
transplant operatiDns. 
MORE UNANSWERED RIDDLES 
Reoviruses seem to have the 
widest host range and brDadest dis-
tribution of all the animal viruses. 
Since they have an affinity for a 
dividing host cell's spindles and for 
microtubules that converge Dn cen-
trioles, it is logical to wonder if reo-
viruses are alsO' attracted to' struc-
turally similar microtu buIes Df cilia, 
flagella and the axial filaments of 
sperm tails, all of which also orig-
inate at centriole-like structures. If 
sO', hDW dO' the reDviruses affect the 
function of these organelles? If reo-
viruses are attracted to microtubules 
wherever they occur, and if such 
affinity routinely results in a mal-
function, the ramificatiDns could be 
great. 
An indication that reoviruses may 
consistently interfere with microtub-
ule function comes from SDme other 
investigators whO' have reported that 
reovirus infection of pregnant mice 
results in abnormal O'ffspring. Al-
though not surprising, since micro-
tubules are thought to' be responsi-
ble for changing the shape Df cells 
in developing embryO's, it is certainly 
disturbing - and scientifically chal-
lenging. 
It seems unlikely that virDlogists 
such as those at USU will ever run 
out of riddles to' solve. 
WILDLIFE NOTES 
Heaviest flying bird of North 
America is the trumpeter swan, 
with maximum weights of 40 
pDunds. 
• 
The anaJblep, a fish that lives 
on the surface of the water, has 
eyes split in half. It sees other 
fish below and the birds above 
in Dne cDntinuDus picture. 
• 
Skipjack tuna, swimming in 
SChDDls, have been clocked at 
the very high speed of eight knots 
fDr pe-riods of an hour Dr more. 
• 
The "walking catfish," a na-
tive Df SDutheast Asia, can re-
main dormant in summer, hiber-
nate in winter and walk over 
land. 
• 
MDst female condors rearing 
yDung lay a single egg in alter-
nate years, and it takes about 
years for the offspring to mature. 
ture. 
The dragDnfly nymph, as an 
underwater insect, has been. 
knDwn to eat mosquito wrigglers 
at the rate of 20 per minute. 
• 
The burrDwing owl is ·the only 
member of its clan that lives un-
derground. It usually mDves into 
subterranean homes built by 
prairie dogs, badger-s, skunks, 
fDxes and other animals. 
• 
Wild whooping cranes are be-
lieved to mate for life. The young 
grDw rapidly and are ready for 
their first flights in 'about 90 
days. 
Male mink measure from 20 
to 28 inches in length and weigh 
from Ilj2 to' 3 pounds. 
• 
Polar bears, which have been 
sighted 80 miles Dut to sea, swim 
only with their forelegs. Their 
hindlegs extend straight back and 
are motionless. 
UTAH SCIENCE 
INTEGRATED CONTROL 
OF APPLE PESTS IN UTAH 
"Integrated control" or "Pest 
management" are terms used by en-
tomologists to denote clfor:ts to com-
bine all approaches to controlling 
specific insects. Traditionally, there 
has been a difference of opinion be-
r, tween advocates of chemical con-
trol and biological control. Sup-
porters of chemical control claim 
A that biological control is too slow 
and not complete enough to meet 
economic demands. Those favor-
ing biological control are disturbed 
by the e~fects of pesticides on the 
balance of nature and on the en-
vironment in general. 
With our increas'ed knowledge of 
the ecosystem and a careful sele,ction 
of peSiticides, it is now apparent that 
chemical and biological methods 
are not necessarily opposites. A 
careful choice of chemicals and 
closer attention to timing and dos-
ages can augment biological con-
trol of agricultural pests. In true 
integrated control, chemicals are 
used to supplement biological con-
trol, not the reverse practice. The 
prime concern is making the best 
possible use of the beneficial forces 
of nature while using chemicals in a 
selective manner. 
INITIAL CONCEPT 
The concept of integrated control 
has been developed through the 
efforts of many workers with some 
ideas dating back to about 1900. 
It began to take its present shape 
during, and immediately following, 
World War II (Ripper, 1944; De-
Bach, 1951). The illfterest, as re-
lated to apple orchards, started in 
Nova Scotia through the work of 
Lord ( 1949) and continued by 
• 
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Picket et al. (1958). The first use 
of the term integrated control, along 
with a clear outline of the basic 
concepts, was in a publication by 
Stern et ai. (1959). Integrated 
control in apple orchards of western 
North America was studied initially 
in British Columbia (Anderson and 
Morgan 1958). The refinement and 
first practical use in commercial 
apple orchards was in the state of 
Washington (Hoyt 1969). Here in 
Utah we have inves-tigated, since 
1964, the biology of the major 
mite predator and worked to de-
velop integrated control programs 
in apple orchards (Lee and Davis 
1968) . 
PROBLEMS OF THE 
TRADITIONAL APPROACH 
The codling moth is the key pest 
around which apple spray programs 
have been constructed. Unless it is 
controlled, the entire crop is virtu-
ally worthless. Other pests are, more 
serious as far as the health of a 
tree is concerned, but -they do not 
have as much direct effect on fruit 
quality. The only method com-
mercially available at present to 
control the codling moth is through 
chemicals. 
In most apple orchards, from two 
to four applications of an insecti-
cide are made each season for ood-
ling moth control. Although the 
moth is controlled, these same in-
secticides commonly reduce the 
predator and parasite populations 
which would otherwise keep mites, 
aphids, and scale insects under par-
tial to nearly complete control. The 
traditional solution has been to add 
necessary pesticides to the spray 
program to control these other pests. 
Three primary difficulties have 
DONALD W. DAVIS is a Professor in the De- Figure 1. 
partment of Zoology. 
An apple orchard in blossom. Avoid spraying the trunk at 
this time. 
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arisen through strictly chemical con-
trol practices. The most · trouble-
some, from a fruit growers stand-
point, is the rapid development of 
mites resistant to chemical control. 
To a lesser degree, aphids have also 
become toleran,t to in'seoticides. Or-
chard mites normally become re-
sistant tOo new acaricides (or miti-
cides) in two or three seasons of 
extensive use. This requires a switch 
to new acaricides at frequent inter-
vals. Effective new materials are 
not being registered for use as ' fast 
as they are required. Some apple 
growers have been unable to control 
mites effectively since about 1965. 
A second major problem has been 
expense. Agriculture has been op-
erating with a very low margin of 
profit. The traditional approach to 
pest conrtro~ in apples requires about 
$125.00 per year, per acre. About 
one-third of this cost has been ex-
pended on mite control. 
A third problem is that of pesti-
cide residues on crops and in the 
environment. Our national policy 
at present is to reduce the number 
of pesticide applications. 
DEVELOPMENT CONCEPT 
Many workers have noted that 
unsprayed tree·s Q1ften are without 
serious mite or aphid problems. 
While many predators feed Q1n in-
jurious mites, it wasn't until about 
1950 that the importance of pred-
atory mites was recDgnized. Mem-
bers of the genus Typhlodromus are 
scattered thrDughout the world and 
prey primarily Dn plant-feeding 
mites. One species in particular, 
Typhlodromus occidentaUs, is wide-
spread in Oorchards Df western NDrth 
America. It is also one of the more 
efficient predators within the genus. 
The destruction of populations of 
this predator has been the main 
cause of mite problerm developing 
in western apple orchards. 
In Utah, Typhlodromus occiden-
taUs spends the winter as adults in 
prOitected sites on or near the tree 
base. This is usually under the rough 
bark on the tree trunk. Approxi-
mately the first of May, in northern 
Utah, the predators begin to search 
for mite prey on the cover crop and 
weeds around the tree base, or on 
the sucker growth in tree crotches. 
About June 15, they follow the or-
chard spider mite population into 
Figure 2. Two-spotted spider mites with eggs. Mites are about .55 mm 
long (photo by W. P. Nye). 
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the main part of the tree and lY 
come widely scattered on the fo 
age. 
An important discovery was rna<..! 
by Hoyt in Washington which ha 
helped in the development of int 
grated control. The Typhlodrom 
predators in many apple orcharc 
are resistant to several in,g,ecticid 
particularly Guthion and related 0 
ganic phosphate materials. Subst. 
quent inves'tigation showed that 
phlodromus predators in Utah 
also developed resistance, but n 
quite as much as those in Washir 
ton. Surprisingly, the same specie 
of predator in southern CaJiforn1 
has nOit become resistaIllt to the' 
same chemicals. 
Several of the peSiticides on tt 
market are partially selective 
their action. A check of many 
these materials, by at least five dh. 
erent research workers, has result· 
ed in a list of pesticides which ca 
be used, yet preserve Typhlodrorm 
occidentaUs populations. 
RECOMMENDED CONTROL 
PRACTICES IN UTAH 
1. Pre .... blossom and delayed dor-: 
manit sprays are necessary to 
control many pests and must be 
applied in an integrated control 
program. These pests are on 
the twigs and branches while the 
predators are· under the bark on 
the trunk during early spring 
Direct sprays away from the trl e 
trunk, covering only the tw gs 
and branches. 
2. Sevin, used for fruit thinning, is 
deadly to the predators, as are 
several materials used to control 
in,sects and powdery mildew. 
Foptunately the predators are 
still around the tree base until 
about June 15, while most of 
the pests are on the twigs and 
new foliage. Be very careful to 
spray only the tree periphery 
and avoid excess drip under the 
trees. 
3. From mid-June to the end of the 
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season select only those ma-
terials which favor the predators 
through selective action. Use 
only minimum recommended 
rates of pesticides even though 
it results in a few of the pests 
surviving. Some of the pesti-
cides which can be used in in-
tegrated control during the sum-
mer are: Guthion, Imidan, Zo-
lone, Diazinon, Omite, Kara-
thane and Morestan. 
.... t is occasionaily necessary to 
I augment the biological control 
of the mites. Do not be in too 
much of a hurry to add acari-
cides to the spray tank, but 
when neoes·sary use minimum 
dosages of Karathane, Morestan 
or Omite. Avoid using Kel-
thane, Tedion, Morocide, Chlor-
obenzilate or Chloropropylate in 
an orchard where integrated 
control is being practiced. 
HOW SUCCESSFUL IS IT? 
Six Utah appk orchards where in-
grated control was practiced have 
'een sl1udied intensively for the past 
ilree seasons. The spray programs 
have boon partially supervised by 
USU personnel. Approximately 
12 additional orchards have been 
on an integrated control program 
handled strictly by the growers. 
Among the growers trying integrated 
control are some of the larger and 
more successful Utah orohardists. 
Most of ,the results in Utah thus far 
have been satisfying. 
In the state of Washington, about 
three-4"ourths of the major apple 
orchards are unde.r some form of in-
tegrated controt A similar propor-
tion is reported in British Columbia. 
Without doubt the concept is befig 
widely accepted and apparently is 
here to 'stay. 
Growers who have followed the 
program report the following: 
Advantages: 
1. A savings in total spray bills 
of betwoon 25 and 50 per-
cent. 
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2. Control of McDaniel and two-
spotted mites is usually equal 
to or superior to that obtain-
ed by strictly chemical con-
trol. 
3. Reduced problems occur with 
aphids, especially the woolly 
apple aphid. 
4. There are better public re-
lations resulting from les.s 
spraying. 
Disadvantages: 
1. Much closer attention to or-
chard ecology is required for 
evaluation of insect problems. 
3. You must become accustom-
ed to accepting a little mite 
and insect activity in your or-
chards. 
4. It takes about two seasons to 
achieve a satisfactory popula-
tion of predators. During this 
time excess damage may 
occur. 
FUTURE EXPECTATIONS 
Several new pesticides are being 
developed which will fit into the 
integrated concept. Outstanding 
among these is a new miticide. Plic-
tran, which will probably be mar-
keted in 1971 or 1972. 
The need for sprays to control 
the codling moth still creates prob-
lems. Two new approaches to the 
control of the pest are in the ex-
perimental stages. A virus disease 
of the codling moth has been found 
which does nOit harm the predators 
and pa.rasi tes and has no known 
effects on man. In addition, steril-
ized male codling moths have been 
rele.ased in large numbers in a few 
areas. When these mate with the 
normal fem·ales, no young are pro-
duced. If either of these approaches 
is developed, it is expected that the 
integrated control program in apple 
orchards will be greatly simplified. 
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Figure 3. Predatory, Typhlodromus, mite associated with spider mite 
eggs. Mite is about .4 mm long (photo by W. P. Nye). 
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Effect of loose smut infection 
and Vitavax seed treatment 
on barley yields 
G. L. STOKER and W. G. DEWEY 
Control of loose smut caused by 
Ustilago nuda (Jens.) Rostr. in bar-
ley (Hordeum vulgare L.) has larg-
largely depended on varietal resis1-
and to a lesser extent on rather in-
volved cold and hot water treat-
ments. In recent years, however, 
effective control of loose smut has 
been obtained by treating barley 
seed with certain oxathiin fungi-
cides. Most of the research involv-
ing the oxathiins has dealt with (1) 
degree of smut control, (2) rates of 
application, (3) formulations, (4) 
compatibility with other chemicals, 
and (5) phytotoxic and therapeutic 
effects in controlling loose smut. 
Relatively little has been reported 
on the possible direct effoots of these 
fungicides on barley yields. 
Most of the studies involving 
yield have compared yields from 
treated vs. untreated seedlots con-
taining relatively high smut levels. 
When yields from untreated samples 
of such seedlots have been used as 
the base for comparison, yield in-
creases have generally resulted from 
seed treatment. However, the sig-
nificance of yield increases resulting 
from oxathiin treatment in seedlots 
containing lower levels (below 
25 %) of smut appears controvers-
ial. 
In the present study, a relatively 
low infection range was selected in 
an attempt to identify the poosible 
direct effect of Vitavex*, one of 1lhe 
most widely used oxathins, on yield 
*Vitavax is UNIROY AL, INC.'s trade 
name for 75% 2,3-dihydro-5-carboxan-
ilid0-6-methyl-l, 4-oxathiin. 
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as well as loose smut. The rela-
tions'hips between percent smut in-
fection and percent yield loss, and 
between embryo test predictions and 
percent smutted heads in the field, 
were also examined. 
MATERIALS AND METHODS 
Ten seedlots of "Gem" barley in-
fected with 0, .2, .4, .8, 1.0, 1.6, 
3.2, 6.4, 15.8, and 20.5 percent 
loose smut, as dete,rmmed by the 
embryo test, were used in the study. 
Half of each lot was treated with 
Vitavax at the rate of 4 ounces 
per 100 pounds of barley. Treated 
and untreated ' seed of the 10 lots 
was planted in plots four rows wide 
and 10 feet long on the Evans' Ex-
perimental Farm at Logan, Utah, 
April 26, 1968. Rows were 1 foot 
• 
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W. G. DEWEY is a Professor in the Depart-
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apart. The seedlots with 0, 3.2, 
6.4, 15.8, and 20.5 percent smut 
were grown in a yield test with six 
replications. Yield data were taken 
on 8 foot sections of the two center 
rows of each plot. 
It was considered unlikely that 
meaningful yield differences could 
be measured among the remaining 
five seedlots, with .2, .4, .8, 1.0, 
and 1.6 percent infection; conse-
quently, these were examined only 
for the degree of smut control in 
the treated vs. untreated plots. These 
latter five seedlots were grown in 
four replications. Plots in both the 
yield and the smut control trials were 
arranged in randomnized complete , 
blocks. The yield data were analyz-
ed as a 2 x 5 factorial. 
Smut counts were made on all 
four rows of each plot. Smutted 
heads were removed as they were 
counted. Counting was started when ~ 
the plants were well headed, with 
most of the normal heads in the 
Table 1. Effect of vitavax seed treatment on the incidence of loose smut 
in field plantings of 10 seedlots of Gem barley. 
1'0 infected 1'0 Infection in field plots 
Seed lot Embryos* Untreated Treated 
0.0 0.03 0 
2 0.2 0.4 0 
3 0.4 0.4 0 
4 0.8 1.2 0 
5 1.0 1.1 0 
6 1.6 1.3 0 
7 3.2 5.0 0 
8 6.4 10.3 0 
9 15.8 19.8 0 
10 20.5 21.8 0 ~ 
* Determined by Embryo Test 
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soft dough stage, and continued 
throughout the heading period 
(June. 25 - July 24). Smut per-
centages were calculated on the 
basis of tiller counts. The total 
number of head-bearing tillers was 
counted in all rows where. loose 
smut occurred. For plots where no 
smut was observed, tillers were 
counted in one row only. 
INFECTION AND CONTROL 
Early emergence of heads infect-
ed with loose smut is well known; 
J however, the time over which em-
ergence takes place is not so gen-
erally known. In the present study 
, it was necessary to extend the smut 
counting period to nearly 1 month 
to include. the late emerging smut-
ted heads. Smut counts were re-
corded on June 25, July 1, July 8, 
July 16, and July 24. Smutted heads 
counted at each of these dates, ex-
pressed as percent of the total smut-
ted heads were 68, 12, 6, 8, and 6, 
respectively. With smutted heads 
emerging over such a long period, 
it would appear that loose smut in-
oculum is available to infect barley 
florets throughout the flowering 
period. 
Between 8,000 and 14,000 head-
bearing tillers were examined for 
loose smut in each of the 10 seed-
lots. Infection ranged from near-
zero to about 22 percent. Vitavax 
treatment gave 100 percent control 
... of loose smut at all infection levels. 
The relationship between embryo 
test prediction and actual field 
counts of smutted heads is shown 
in table 1. A high correlation (r= 
.98) existed between smut percen-
tages observed in the untreated 
field plots and infection indicated 
by the embryo test, although the 
smut levels differed somewhat in 
magnitude. Smut percentages in the 
field plots generally exceeded those 
indicated by the embryo test. Com-
parisons (T test) showed this trend 
to be highly significant. Pe:rhaps 
very light embryo infections may 
occasionally go undeteced. Maybe 
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infected seeds produce a dispropor-
. tionate number of tillers. 
EFFECT OF LOOSE SMUT 
ON YIELD 
Yield data for untreated plots 
(table 2) indicates that loose smut, 
even at relatively low levels, can 
cause serious yield reductions. If 
seedlot 1 is considered as a near 
smut-free check, significant yield 
losses were recorded in plots with 
as low as 5 percent smut. 
Yield reductions caused by loose 
smut in barley have generally been 
reported to be roughly equivalent to 
the percent of infection (1 to 1). 
Yield data from this study show the 
·expeated inverse. relationship be-
Table 2. Effect of five levels of loose smut infection on the yield of Gem 
barley. 
Percent loose smut Untreated Percent 
Indicated by Observed in plots, yield 
Seed lot embryo test field plots bu/a reduction* 
0.0 0.03 117.3 
7 3.2 5.0 109.3 6.8 
8 6.4 10.3 107.1 8.7 
9 15.8 19.8 102.6 12.5 
10 20.5 21.8 95.9 18.2 
LSD (.05) 7.2 
* Considering the yield of seedlot 1 as 100%. 
Table 3. Effect of vitavax seed treatment on the yields of Gem barley 
grown from seedlots representing five levels of loose smut in-
fection. 
Yield, bu/a Difference 
(treated-
Seed lot Untreated Treated untreated) 
117.3 109.8 
-7.5 
7 109.3 109.8 0.5 
8 107.1 109.7 2.6 
9 102.6 109.6 7.0 
10 98.9 106.1 10.2 
LSD (.05) 7.2 
Table 4 . Effect of loose smut levels and vitavax seed treatment on tiller 
number in plots of Gem barley. 
C;;o infection in Tillers/ plot* 
Seedlot untreated plots Untreated 
0.03 484 
2 0.4 541 
3 0.4 551 
4 1.2 538 
5 1.1 536 
6 1.3 560 
7 5.0 535 
8 10.3 544 
9 19.8 535 
10 21.8 545 
MEANS** 535 
* Values for seed lots 2, 3, 4, 5, and 6 are means of 4 replications 
Values for seed lots 1, 7, 8, 9, and 10 are means of 6 replications 
** Differences between treated and untreated means were highly significant. 
Treated 
494 
500 
535 
516 
498 
556 
486 
517 
507 
490 
508 
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tween yield and degree of infection; 
however, percent yield loss and per-
cent infection deviated considerably 
from the 1 to 1 relationship. In 
our tests there was a tendency for 
percent infection to underestimate 
yield loss at low levels of infection 
and to overestimate, yield loss at the 
higher levels. 
EFFECT OF VITA VAX ON YIELD 
Although the usefulness of Vita-
vax as a -seed treatment for the con-
trol of loose smut in barley has been 
well demonstrated, little has been 
reported regarding its possible effect 
on yield per se. 
By relating plot yields from Vita-
vax-treated seed to the yields of 
plots grown from near smut-free 
seed which had not been treated, 
the direct effect of seed treatment 
on the yield of "Gem" barley was 
examined (table 3). Yields among 
the Vitavax-treated plots did not 
differ significantly, regardless of the 
initial level of seed infection. A 
12 
...... 
significant yield difference was ob-
served, however, between plQlts 
grown from treated a:ld untreated 
samples of seedlot 1, which con-
tained only a trace of loose smut. 
This apparent yield reduction (6.4 
percent) in the treated plots would 
seem to indicate that Vitavax may 
affect barley yields, independent of 
its effect on loose smut. Yields were 
very similar in plots grown from 
treated and untreated seed at the 
5 percent smut level. At infection 
levels above 5 percent, yields were 
increased by Vitavax treatment. 
However, this increase did not reach 
Istatistic;}1 s~gn:itficance until loose 
smut levels approached 20 percent. 
The nature of the interaction be-
tween seed treatment and smut level 
is shown graphically in figure 1. 
The number Q1f tillers per row was 
significantly reduoed in Vitavax-
treated plots (table 4). Whether the 
Vitavax treatment reduced the num-
ber of tillers per plant or the num-
ber of plants per plot was not deter-
mined. 
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Figure 1. Linear regression lines of "Gem" barley yields obtained for 
five smut levels of untreated and vitavax-treated seed. 
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CONCLUSIONS 
1. Loose smut infection as low 
as 5 percent oan cause sig-
nificant reduction in barley 
yields. 
2. The embryo test for loose 
smut in barley is a good, but 
slightly conservative predictor 
of subsequent field infection. 
3. Vitavax treatment of barley . 
seed is effective in controll-
ing loose smut. 
4. Under the soil and climatic 
conditions Q1f this experiment, 
the beneficial effect of Vita-
vax treatment was at least . 
partially offset by an adver~e 
effect on yield. 
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REVIEW OF FACTORS 
CONTRIBUTING TO BREAST BLISTERS 
Breast blisters is a prDblem affect-
ing both the chicken industry and 
, the turkey industry. No absolute 
solutiDn to. this problem under com-
mercial pToduction has been discov-
ered to. date. The susceptibility of 
chickens tD breast blisters has limit-
ed the grDwing of broilers in cages. 
Recent research has shDwn that the 
use of plastic type material for cages 
reduces the incidence 0[ breast blist-
ers' but the problem in . cDmmercial 
production still exists whether birds 
are grown Dn the floor or in cages. 
Downgrading because of breast 
blisters costs ·the turkey industry 
many thousands of do.llars annually. 
Removal of a bTeast blister costs the 
grower about 4 cents per pound 
dressed weight plus about 2 Dunces 
of tissue. In addition, it cOSJts th,e 
processing plant time by SIDwing 
do.wn the proces'sing line and requir-
ing more personnel to. do the wo.rk. 
The brea~t blister problem is be-
coming more prevalent throughout 
the United States. Some plants have 
added further processing facilities to 
help recover some of their losses. 
.-\ This approach has somewhat limit-
ed use if the incidences of brea~t 
blisters is very high within anyone 
plant, however. 
The problem primarily affects the 
male bird. It is not uncommon to 
s'ee 1 to. 3 percent of the fem,ales 
affected, but the incidence in toms 
may run as high as 50 to 60-per-
cent in certain areas. All the data 
presented in this pape.r was ob-
tained from flocks of male turkeys 
that weTe hatched in February, un-
le~s indicated othe,rwise. 
• 
DONALD C. DOBSON is an Assistant Pro-
fessor in the Department of Animal Science, 
Snow College, Ephraim, Utah. 
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The breast blister problem is high-
ly correlated with season. Birds 
hatched early in the season have a 
much higher incidence of breast 
blisters than those hatched later. 
Three years of data obtained from a 
local prDcessing plant indicate that 
"e" grade (primarily breast blisters) 
turkeys declined from 25 percent to 
abDut 8 percent from August 
thrDugh December killing dates. The 
average weight Df the turkeys in-
creased about 3 pounds during this 
same period. This would indicate 
that breast blisters are not correlated 
with weight per se. The data shown 
in table 1 obtained from turkeys 
raised at Snow Field Station show 
the same trend. 
Several experiments have shown 
that: (1) access to facilities such as 
(Continued on page 51) 
Table 1. Incidence of breast blisters on male turkeys as a fador of sea-
son and weight 
Hatching date Breast blisters Avg wt 
(%) (Ibs) 
March 5, 1961 15.9 31.6 
May 17, 1961 2.7 30.0 
March 7, 1962 29.2 31.4 
May 19, 1962 5.6 32.2 
February 20, 1963 35.0 30.3 
April 29, 1963 7.8 36.3 
February 20, 1964 42.8 29.3 
April 27, 1964 7.2 31.9 
Table 2. Influence of range shelter management - 8 to 28 weeks 
Treatment 
No shelter 
Roosts 
Roof 
Roosts and roof 
Shade only 
Eviscerated weight 
(Ibs) 
25.3 
27.2 
25.3 
26.0 
25.4 
Breast blisters 
(%) 
30.9 
53.5 
50.3 
51.0 
42.8 
Table 3. Influence of range management on the incidence of breast 
blisters on male turkeys - 8 to 28 weeks 
Treatment 
Standard shed 
Shade - no tilling 
Shade and till 
Lock up - no shavings 
Lock up - shavings 
Lock up - sand 
Live weight 
(Ibs) 
31.8 
31.3 
31.9 
31.3 
31.6 
31.1 
Breast blisters 
(%) 
73.0 
61.9 
27.2 
34.1 
14.8 
14.3 
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FOR CERTAIN PROBLEM AREAS ... 
A Cropping System Under Irrigation 
A new crop rotation system has 
been developed for areas where: 
( 1) irrigation water is limited after 
early July; (2) areas with heavy 
soils that prevent adequate fall seed-
bed preparation; and (3) fanns 
troubled with quack grass or other 
weed problems. 
THE SYSTEM 
A rotation sys1em which includes 
a year of fallow consists of alfalfa, 
4-5 years; summer fallow, 1 year; 
fall wheat or spring grain, 1 year; 
small grain, 1 year; and back to 
alfalfa or back to alfalfa following 
only 1 year of small grain, depend-
ing on needs. 
Under this system, the alfalfa crop 
is plowed during the fall of the last 
production year or early the follow-
ing spring. In some cases, plowing 
can be left UDJtil immediately follow-
ing the cutting and removal of the 
first crop while some soil mois1ure 
remains for pulverizing the soil. 
Deep plowing, around 8 inches, is 
usually necesary to loosen the soil 
for future cultivations for weed con-
trol, especially quackgrass. A shal-
low scalping to kill the alfalfa plants 
must be followed with a deeper 
plowing. 
After fall plowing, the land may 
or may not he tilled with a disk har-
row or a chisel cultivator. This d&-
pends upon the time, moisture con-
ditions and clod size. If fall weather 
permiJts, it would be advantageous 
to more fully separate the alfalfa 
from the soil and break up quack-
grass or other grass sods to allow 
the rhiwmes and roots of the grass 
to dry out. Regardless of whether 
the land is plowed in the fall or 
spring, it must be cultivated in the 
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spring to free any moist soil from 
the grass stems, rhizomes, or roots. 
Such cultivation also controls any 
germinating weeds. Cultivations 
with sweeps or knives do an excel-
lent job of drying out the surface 
soil and cutting off any grass that 
might be connected with other plant 
portions still buried. It is empha-
sized that the soil must be kept culti-
vated and dry for several weeks to 
completely dry and kill the grass 
parts. Cultivations must follow any 
rain storms to hasten drying and 
prevent plant material from reestab-
lishing. Irrigation runoff or drain-
age from other fields must be avoid-
ed. Cultivating to a depth of about 
5 inches has usually been sufficient. 
PLANTING AND FERTILIZER 
After summer or partial summer 
fallowing, the soil is normally in 
condition for fall seed bed prepara-
tion. This is necessary where the 
soils are heavy for planting winter 
wheat, such as Gaines or other win-
ter semi-dwarf varieties. It also may 
be advantageous due to soil or cli-
matic conditions to prepare the seed-
bed in the fall for early planting to 
spring wheat or harley the follow-
ing year. 
The grain crop the first year usu-
ally will not need fertilizer because 
of the nitrogen added to the soil by 
the alfalfa. 
Grain grown the s.econd year, 
prior to plan.ting back into alfalfa, 
will generally respond to an applica-
tion of nitrogen fertilizer. This will 
be true especially if the first grain 
crop was winter wheat or if winter 
wheat is to follow winter wheat. 
• 
GORDAN A. VAN EPPS is an Associate Pro-
fessor in the Department of Plant Science, 
Snow College, Ephraim, Utah. 
The heavy straw residues need to be 
decomposed by nitrogen-using soil 
microbes which utilize the available 
soil nitrogen for this process at the 
expense of any growing crop. As 
a rule of ,thumb, about 20 pounds ~ 
of nitrogen for each ton of straw or 
other low-nitrogen crop residue 
should be left on the ground. In 
addition to the nitrogen added for I 
decomposition of the crop residue, 
50 to 100 pounds of nitrogen may 
be needed for high yields. Norm-
ally, no phosphorus is needed if the 
previous alfalfa crop was adequately , 
supplied. In general, any phos-
phorus fertilizer should be applied 
to the alfalfa crop for the greatest 
benefits. 
ADVANTAGES 
Some of the advantages obtained f 
from using a cropping system that 
includes a summer rotation are: 
1. The alfalfa provides increased 
fertility, especially nitrogen, to 
the soil. 
2. The alfalfa roots, as they de- ~ 
compose, provide excellent 
channels for moisture pene-
tration, especially in those 
soils that are heavy and are 
slow to take water. 
3. One of ,the few ways of pro-
viding a fall seedbed where 
heavy soils exist and late ir-
rigation water is not avail-
able. 
4. An excellent way to control 
quackgrass and sod forming 
grasses. The quackgrass will 
re-enter the field by seed or 
by plant parts washed in with 
irrigation water, but existing 
plan,ts in the field have been 
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completely killed where con-
ditions were met and adequate 
time was allowed for the sum-
mer fallow. 
S. Other weeds, especially the 
annuals, have been controlled 
or lessened in number. New 
morning glory seedlings have 
been COIl!troiled and possibly 
some mature pJants have been 
killed. (Morning glQlry is gen-
erally not erradicated by this 
method alone .. ) 
6. Irrigation wate'l" normally ap-
plied to the c.rop on the fal-
lowed field can be used on 
other crop·s to increase their 
yield. 
7. A saving in some labor. 
8. A possible saving in certain 
types of equipment, such as 
planting and harvesting equip-
ment, etc. 
9. Possible higher crop quality, 
e~ecially where alfalfa is nDt 
left in to' the extent that a 
good part of it is taken over 
by grass. 
DISADVANTAGES 
1. Total farm crop produotion 
may be slightly less, because 
of land being fallowed. This 
may be partially QIf totally 
made up through higher yields 
and crop quality in the other 
c~ops grown. 
2. Necessity of cultivating the 
land several times, especially 
following rains. During some 
summers it may be impossible 
to oontrol grass by fallowing 
because of above normal pre-
cipitation. 
The ahove cropping system or ro-
tation may not be the best for con-
trolling quack grass, but it is eco-
nomioal and in some cas,es a sat-
isfactmy contrDI measure. This in 
addition to making it pDssible to 
prepare fall seedbeds in our heavy 
soils where irrigation water is limit-
ed should make this cropping system 
worth oonsideration. Crops other 
than small grains, at least for one 
of the years, could be substituted. 
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BREAST BLISTER FACTORS 
(Continued from page 49) 
conventional roosts and the rODf of 
range sheds increases the incid"nce 
of breast blisters (ta ble 2) ; (2) 
locking up birds at night on bed-
ding material of shavings or sand 
reduces breast blisters (table 3); (3) 
tilling of the soil to keep it from 
compacting reduces the percentage 
of breast blisters (table 3); (4) 
rearing birds in total confinement 
lowers the incidence of blisters be-
low those grown on range (table 4); 
(5) some strains are more suscept-
able to bre.ast blisters (table 5); 
and (6) chemical treatment does 
little to prevent blisters (table 6). 
Results given in table 4 suggest 
that it may be possible to reduce the 
incidence of breast blister by holding 
birds in the brooder hDuse until 18 
or 20 weeks of age rather than mov-
ing them out at 8 weeks of age, as is 
the present practice. 
During] 968, 13 different strains 
were observed. The data shown in 
table 5 indicates that there are diff-
erences in susceptibility to breast 
blisters between strains. These are 
average values collected from five 
different killing dates at 22, 24, 25, 
28, and 31 weeks of age. 
Research to date has not found 
an econDmical method of prevent-
ing breast blisters in cDmmercial 
turkey production. 
Table 4. Influence of age of moving into open range on percent breast 
blisters on male turkeys 
Age moved to range Eviscerated weight 
(lbs) 
Breast blisters 
(%) 
8 
12 
14 
16 
18 
20 
Confinement 
27.0 
26.5 
27.0 
26.2 
26.2 
24.7 
23.6 
Table S. Influence of strain l on 
breast blisters 
Strain 
2 
5 
7 
12 
1 
9 
11 
8 
3 
10 
6 
4 
13 
Avg wt 
(lbs) 
33.5 
33.0 
30.2 
31.7 
31.3 
29.2 
29.9 
29.7 
29.0 
27.6 
27.9 
30.7 
27.5 
lHatched in March, 1968 
Breast blisters 
(%) 
22.7 
16.0 
15.9 
12.4 
11.7 
10.7 
8.8 
6.6 
6.3 
5.0 
4.8 
4.7 
2.7 
39.4 
40.9 
38.8 
30.0 
16.3 
22.5 
10.1 
Table 6. Results of treating breast 
blisters BBB male turkeys 
- 26 weeks old 
Treatment 
None 
lodine1 
Formaldehyde2 
Aureomycin3 
Affected at 
market time 
(%) 
19.0 
44.7 
55.0 
16.2 
IBroad breasted bronze male turkeys hatched 
July, 1961 
21njected 4 ml of 3% iodine solution in 
blister at approximately 17 weeks of age 
31njected 3 ml of 20% formaldehyde solu-
tion in blister 
41njected 50 mg of aureomycin in blister 
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eaching and research 
programs in animal behavior are 
manned by scientists specializing 
in zoology, psychology, and wild-
life resources. They are interested 
in such broad problems as: How 
do animals regulate their own pop- , 
ulations? How do learning and ex-
perience modify behavior? The 
scientists work in their own way on 
their own specific research and 
teaching, but they share their ex-
pertise and differing insights. The 
result is a uniquely open-minded, 
broad-based effort to fit pieces of 
the behavioral iigsaw into mean- , 
ingful positions, and simultaneous-
ly train students for employment 
in public service, teaching and re-
search. 
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Baffling behavior-
a universal riddle 
, "I wouldn't allow my children to 
behave that way!" 
"Susie, if you don't teach that 
I puppy to behave, you can't keep 
him!" 
"For the last time, John, if you 
.j' can't behave, you are going to bed!" 
For most of us, behavior is some-
thing to be controlled--or at leaSlt, 
directed. And frustration sets in 
when we have to admit we're not 
doing a very good job of it. 
It is smaN coThoolation, but a 
major reason we have such trouble 
controlling behavior (in ourselves, 
our ahildren, our pets) is that we 
know 00 little about its whys and 
wherefores. In p~ople, behavior 
poses incredibly complex problems 
-roughly equivalent to a 5000-
piece, 3-dimensionail. jigsaw puzzle. 
But even in relatively simple an-
imals, behavior that we can recog-
nize and label (playing, hunting, 
eating, caring for young, etc.) de-, 
pends upon confusing blends of di-
verse factors. Generally, though, 
researchers have found that these 
interacting factof'S can be divided 
among three categories, each of 
, which is influenced by the indi-
vidual's genetic inheritance. In one 
category they include the individ-
ual's anatomy, which limits his p0-
tentials for kinds of activities; and 
his body processes such as diges-
tion, nerve responses, and hormone 
production. The second category 
they call his mental or psycholog-
• 
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ical status (past experiences, ability 
to "use" such experiences, etc.). 
And in a third category they put 
the individual's relationships with 
his external environment ( climate, 
other animals, plan·ts, day length, 
etc.). As usual, however, mere 
categorization does little to solve 
the problems art: hand. 
So scientists interested in behav-
ior have reacted as sciootists hab-
itually react when confronted with 
a many-sided, difificult problem. 
They have divided' the overwhelm-
ing topic of behavior into more man-
ageable pieces. Thus, bits of be-
havior-oriented researah are being 
done in widely scattered lahora-
tories by sci,entists who specialize 
in physiology, biology, psychology, 
wildlife management, or occasion-
ally animal behavior as such. These 
scientists do their research using 
birds, rats, fish, dogs, antelope, or 
bears. Some primarily go into the 
field to watch natural populations, 
others work in labo'ratories under 
carefully controlled conditions with 
relatively few animals. It is be-
coming increasingly obvious, though, 
that the mOst fruitful procedure is 
to try to combine the two ap-
proaches. And this is what is be-
ing done at USU. 
Each research effort is complete 
in itself, yet, each sometimes pro-
vides insights and principles useful 
to other scientists at USU and else-
where. The following "sampler" of 
some of the animal behavior re-
search at USU may help illustrate 
how this flexible cooperation actu-
ally works. 
A QUESTION OF 
SOCIAL "STANDING" 
Nature uses various ways to keep 
animal populations in balance with 
their environment. Predators such 
as coyotes, hawks and wolves often 
served this purpose until man ini-
posed his sense of values on the 
natural world. In other cases, in-
dividuals within a species must take 
and hold a territory before they c'an 
produce young. 
But predators and territories 
aren't nature's only population reg-
ulators. A social 'hierarchy is an-
other means to the same end. 
ECOLOGY - A PHILOSOPHY IN ACTION 
PART 6 
As an attitude towards nature and all living things, ecology provides 
a realistic perspective for the future. It is concerned with every partici-
pant in a given environment, from weather phenomena to soil organisms, 
and with th(! relationships that develop from their interactions. Ecology 
therefore embraces many sciences. 
The diverse ecology-oriented research at USU is unified by a shared 
recognition of the interdependence that characterizes the natural world 
-including man. This series of articles illustrates that interdependence 
and shews how the ecological attitude is a value to each of us. 
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David M. Smith, a graduate stu-
dent of Dr. Allen Stokes, will be 
studying wild turkeys on the Welder 
Wildlife Refuge in Texas to find 
out more about how a social hier-
archy regulates population. Male 
turkeys living in a given area gen-
erally divide themselves into flocks, 
with each flock composed of sev-
eral sibling groups. A hierarchy op-
e.rates between the individuals (1 
to 6) in each group, between groups, 
and between flocks. Research by 
a previous USU graduate student 
has demonstrated that when the hen 
turkeys are ready to mate, it is the 
dominant m·ale in the dominant sib-
ling group in the dominant flock 
that actually impregnates most of 
the hens. And he does it with sur-
prisingly little argument from the 
other males. The social rankings 
established during the preceeding 
months are stable enough to pre-
:::lude active disputes during the mat-
ing season. 
Mr. Smith hopes to discover 
whether a low social ranking im-
poses so much stress on a male that 
his life span is shortened. If so, 
this could be a major factor in ex-
plaining how the total turkey popu-
lation on Welder Refuge keeps in 
balance with its environment. By 
observing and the introducing arti-
ficial conditions (recordings of 
other flocks and telemetering de-
vices), Mr. Smith will determine 
whether gobbling rates and heart 
rates are correlated and whether 
either or both of these variables 
seem related to social standing. In 
other experiments he will check on 
how rank is established within each 
group, and on hen reactions to male 
strutting and gobbling. 
It isn't too far-fetched to suppose 
that such research might also inci-
dentally clarify some of the weird 
mechanisms people use to establish 
and protect their social standings. 
COMMUNICATING ABOUT 
TERRITORIES 
Other kinds of birds often rely 
on a territorial rather than a hier-
archal system to keep their numbers 
in balance with their environment. 
In some cases, the birds erect vocal 
"fences" around their nesting area 
during mating season. A male that 
Figure 1. A sibling group of four male wild turkeys arrive at a display 
ground already occupied by five hens. Note that the sibling pair of males 
on the left is starting to retreat. The right-hand male (left pair) is abandon-
ing his strutting posture by closing his tail fan. 
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isn't able to fence off a territory 
cannot attract a female. 
But the precision ·and perma-
nence of the territorial boundaries 
differ from one species to another. 
And the species also differ as to 
when and how individual birds 
"learn" what vocal notes to put to-
gether to convey certain meanings. 
In addition, it has been found that 
dialects develop within species and • 
help keep flocks localized. All in 
all, the social organization and com-
,munication habits of birds have 
some intriguing parallels with cer-
tain bits of our own behavior. 
Dr. Keith Dixon of USU has # 
worked primarily with two kinds 
of birds, the plain titmouse and the 
chickadee. The plain titmouse has 
been found to establish relatively 
fixed and permanent boundaries 
and to vociferously proclaim a will- , 
ingness to fight to maintain them. 
This "threat" song can be heard 
and interpreted by other plain tit-
mouse birds while they are diSitant 
enough to avoid encounter. 
By contrast, chickadees have 
transitory boundaries and vooalize 
their willingness to defend them only ~ 
if a possible rival is actually seen. 
The two kinds of birds also differ 
in that the chickadee, but not the 
titmouse, deems defense of mate as 
important an "objective" as de-
~ 
fense of area. The signal systems of 
the birds reflect this difference in 
attitude. 
The development of the ability 
and tendency to signal is being 
studied in individual ohickadees by .. 
Dr. Dixon and Vivian Telford And-
erson, an NIH fellow. Just-hatched 
-birds are being isolated in sound-
proofed cabinets and kept from all 
contact with other chickadees. 
Hopefully, the results will help es-
tablish how (and if) social factors 
influence the shaping of an individ-
ual'·s vocabulary, especially if he is 
a bird, but perhaps even if he is 
something else. 
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THE SOCIAL LIFE OF 
ALASKAN B'ROWN BEARS 
Territories, hierarchies, and v0-
cabularies also function in the be-
havior of animals other than birds. 
A graduate student of Dr. Allen 
Stokes, Derek Stonorov, has there-
fore laid the basis for an intensive 
study of some od: these factors as 
they affect the behavior of Alaskan 
Brown Bears. During 1967 and 
1968, Mr. Stonorov spent a total 
Df 6 months at Becharof Lake on 
the Alaskan Peninsula. That period 
of observation and the movies he 
took have provided intriguing in-
sights into the exi~ting social order. 
Apparently, ritualistic encounters 
between the bears of the area estab-
lish relatively stable dominant-su'b-
ordinant relationships. These rela-
tionships vitally affect breeding p0-
tentials as well as such daily con-
cerns as where each hear can fisb. 
The new research began May 
1970, a time of year that allows 
observation of behavior during the 
mating season. Once Mr. Ston-
orov, his wife, and another gradu-
ate student have identified indi-
vidual bears (by facial and body 
characteristics), they will catalogue 
and describe behavior patterns-
particularly those that seem to' lead 
to or inhibit attacks. Instances of 
t the observers being threatened by 
bears will be detailed in hopes of 
getting understanding of what tends 
. to precipitate such encounters. They 
will also give special attention to 
signals (visual, auditory, and olfac-
tory) used between mDthers and 
cubs and between cubs. 
GROUND SQUIRRELS 
AS A RESEARCH TOOL 
Other USU scientists and students 
are taking advantage of a unique 
research opportunity closer to' home. 
Detailed investigations of native 
populations of free-living animals 
have rarely been possible, because 
groups of wild animals are seldom 
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localized for long periods of time. 
So valid experimental work is al-
most impossible. 
The University's Forestry Field 
Station in Logan Canyon, however, 
supports an apparently stable pop-
ulation of Uinta ground squirrels. 
The nature of these animals and 
their life style permits identification 
of individuals and experimentation 
as well as observation, without any 
serious disruption of the natural 
conditiDns. 
While the squirrels are above 
ground each year (about April 1 to 
September 1), some are marked to 
allow future observation as individ-
uals, some are equipped with tele-
metering devices, and the entire 
population is watched for "social" 
encounters, matings, migrations out 
of the home area, establishment of 
Figure 2. These two brown bears are female siblings and although they 
look as if they are fighting, they are really just playing around. 
Figure 3. This big bruin is enjoying the water. He might catch a fish 
if it came by, but that is definitely not his main interest. Color photos 
were taken by Derek Stonorov. Ted Hansen did the technical work on 
the black and white prints. 
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territories, etc. This information is 
added to what has already been 
oomputerized from previous years, 
and the whole is available as a data 
"picture" of ·the natural population. 
The overall objective of the re-
search has been to find out more 
about how behavioral patterns and 
an animal's physiology interact with 
external factors .to maintain a satis-
factory balance between total popu-
lation and environment. Along the 
way, various projects have develop-
ed information useful to ecologists, 
rodent control people, behaviorists 
and language analysts. For ex-
ample, squirrels that had been trap-
ped and marked displayed virtual 
neuroses when again confronted by 
a trap. They wanted the bait but 
did not want to be captured. They 
reacted as many people do' when re-
peatedly faced with a combined re-
Figure 4. A Uinta ground squirrel fitted out in the latest research style-
a telemetering device. (Photo by Robert Ruff.) 
Figure 5. Ground squirrels who have once been trapped show real frus-
tration when confronted again by a trap. They want the bait, but although 
they are unharmed, they don't want to be captured. Their conflict between 
desire and fear causes them to literally run in circles. 
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ward-punishment situation. Their 
internal conflict between desire and 
fe~ had them literally running in 
circles. 
After an artificially imposed ~ 
duction of the population, Dr. David 
Balph expects that observations 
over time will indicate if (and how) 
the squirrels react to get their num-
bers rebalanced with the environ-
ment. He is asking such questions ' 
as: Will the normal yearly disper-
sal decrease? Will litter size he in-
creased? Will more females be 
bred? Will aggressive encounters 
lessen in intensity or numbers? And 
once the population is rebuilt, what 
will stop the mechanisms used to 
increase it? 
In another project, Dr. Stokes 
and various graduate students are 
telemetering the heart rates of some 
of the squirrels. They are finding • 
that heart rates provide a better 
measure of physiological stress than 
do extern/a} signs. Mr. Robert Ruff 
is still in 'the midst of analyzing the 
data for his PhD dissertation, but he 
has already confirmed some provoc-
ative facts. For example, the heart 
rate of a given squirrel pretty well 
indicates what he is doing when he ~ 
is out of sight in his burrow-groom-
ing, sleeping, digging, etc. Heart 
rates go up when other squirrels 
are around, particularly if they are 
tran,sients rather than established 
neighbors. Also, for some unknown • 
reason, heart rates stay up longer 
after an encounter with a ground 
predator than after the sighting of 
an airborne predator. 
Dr. Dietland Muller-Schwarze is 
beginning a project that should 
clarify the importance of ·the squir-
rels' scent glands relative to c0m-
munication among 'the animals. 
This work, combined with his re-
search on deer (December 1969 
issue of Utah Science) may provide 
considerable insight into the general 
use of scent by animal,s in estab-
lishing and maintaining social order 
and breeding potentials. His ~ 
suIts may also give practical help 
to those seeking ,to a,ttract or repel 
certain animal species. 
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BEHAVIOR IN ANTARCTICA 
Dr. Muller-Schwarze has also 
been studying penguins in Antarc-
tica. These birds are especially ap-
pealing to students of behavior be-
cause they have not yet learned to be 
timid around man, they are flight-
less, and they concentrate in large 
numbers in relative small areas. A 
colony of penguins thus constitutes 
an ideal, though physically uncom-
I fort able outdoor laboratory. 
Before joining USU, Dr. Muller-
Schwarze spent 4 months observ-
ing ·the daily activities of a breeding 
colony of Adelie penguins. That 
work provided a background for 
. his 1969-70 expedition to a similar 
colony. This time, he and his wife 
wanted to investigate any special be-
havioral adaptations of the Adelie 
penguins that might affect the birdS' 
survival potentials. They also want-
ed to find out whether abilities to 
recognize and avoid predators were 
learned by young penguins or if they 
were inherited. 
The polar regions are excellent 
for suoh field work because they 
support so few species of animals. 
Cause and effect relationships can 
therefore be more easily identified 
in polar than in tempeTate zones. 
Thus, the penguins are prey only 
for leopard seals and South Polar 
skuas, a kind of gull. The seals 
hunt the adult penguins in the water, 
while the skuas take penguin ohicks 
and eggs. 
In some of their experiments, the 
Muller-Schwarzes found that even 
very young penguins react defen-
sively to anything flying over their 
heads. Since only skuas normally 
appear in the air over the colony, 
the penguins have never had to de-
I velop an ability to discriminate a 
skua shape from ' any other shape. 
By contraslt, ducks in a marsh do 
not react to a duck -shaped mode~ 
flying overhead, but react vigor-
ously to a model that resembles a 
predatory bird in flight. 
The leopard seals maintain a 
JUNE 1970 
Figure 6. The Cape Crozier rookery where the Muller-Schwarzes stayed 
in 1969-70, numbers 300,000 penguins. The large rookery was divided 
into smaller colonies. 
Figure 7. Within each colony individual penguin families had their 
specific territory. 
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patrol "f the beach so that the pen-
guins must run a seal gauntlet to 
get to likely fishing grounds. The 
penguins react as you or I would 
under similar circumstances. They 
postpone fishing expeditions for as 
long as possible. Even when an in-
dividual can wait no longer, he is ex-
ce.edingly reluctant to plunge into 
the sea unless he sees at least 5 
of his fellows already in the water. 
(Misery loves company?) 
As the Muller-Schwarzes organ-
ize and analyze their 1969-70 data, 
they expect to develop not only 
specific insights into penguin be-
havior, but also generally applic-
able principles that may help ex-
plain the behavior of more common 
species. 
Figure 8. The male penguins arrive at the nesting area (rookery) about 
2 weeks before the females to establish territories. Then after the females 
arrive and lay the eggs (generally two to a nest), the male incubates the 
eggs for approximately 2 more weeks while the females return to the sea 
to feed. The males, in effect, starve for 4 weeks. 
Figure 9. From then on, the males and females alternate at shorter in-
tervals for incubating and feeding. 
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SOME "INSIDEII ANGLES 
So far, we've looked at animal 
behavior research that primarily in-
volves field studies. That kind of j 
research emphasizes observing the 
animals in their natul"al environment 
and minimizes manipulations of the 
situation. But accurately defining 
behavior in any animal requires 
more than field observations. For 
example, seeing that a bird defends ~ 
its nesting territory doesn't tell you 
a thing about what internal factors 
(hormones, nerves, ctc.) , if any, 
are provoking the defensive readi-
ness. 
Several USU _projects therefore ~ 
combine laboratory and field work, 
or laboratory projects are designed 
to complement field studies. In one 
such "hybrid" effort, Drs. Keith 
Dixon and LeGrande Ellis, in as-
sociation with a graduate student, ~ 
DeL on Barfuss, are investigating 
hormone changes in English spar-
rows. They are especially interested 
in interactions among ,the pineal 
gland, the testes and the artimals' 
external environment. 
The USU investigators are trying 
to clarify how the synthesis of mela-
tonin in the pineal, the synthesis of 
male hormones in the 'testes, and en-
vironmental faotors affect the re-
productive behavior of the spar-
rows. Toward that end, birds are 
trapped in the wild at various times 
of the year, and then transported 
to the laboratory, where the pineal 
and testes are analyzed for their 
hormone - synthesizing capabilities. 
Eventually, the scientists expect to 
develop information applicable to 
birds other th,an sparrows (and even 
to other animals) about hormone-
environment - reproductive behavior 
interactions. 
In a similar project, Drs. Ellis and 
Balph are trying to correlate hor-
mone levels in individual ground 
squirrels with observed changes in 
their behavior and external condi-
tions. The scientists are especially 
concerned with how the recently 
imposed reduction in squirrel pop-
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Figure 10. The entire rookery was 
ringed by "enemies", like a pioneer 
community surrounded by hostile 
Indians. The skuas, which nested 
on three sides of the colony, appar-
. ently established property rights to 
certain penguin groups and would 
repel neighboring skuas that tried 
to infringe. The leopard seals con-
tinuously patrolled the water on the 
fourth side of the colony, thus mak-
ing food-seeking a highly danger-
ous necessity for the penguins. The 
skuas that do raid penguin nests 
(most skuas fish or take seal leav-
ings) get some of their best hunt-
ing when one member of a pen-
guin pair doesn't return from a 
fishing expedition and the other 
eventually has to leave the nest to 
obtain food. 
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ulation may effect melatonin syn-
thesis by the pineal gland and and-
rogen synthesis by the testes in in-
dividual animals. By collecting hor-
mone data for various age groups 
at all se,asons of the year, the sci-
entists expect to establish whether 
these two glands are instrumental 
in readjusting the size of the popu-
1ation through changes in repro-
ductive performance. 
They also hope to determine what 
causes 'the behavior of individuals to 
change 00 suddenly and drastically 
in the spring. What converts the 
young squirrels, virtually overnight, 
from mutual tolerance to mutual ag-
gression? Why do they experience 
what seems to be a sort of "reverse" 
spring fever? 
MEANWHILE-IN THE LABORATORY 
In addition to field and "hybrid" 
approaches, animal behavior can be 
investigated through laboratory ma-
nipulations of animals and their en-
vironments. At USU, most of 1Jhis 
kind of work is done within ,the Psy-
chology Department and is designed 
to measure the effects of learning 
and experience. But again, insights 
gained in the laboratory often com-
plement the other research and vice 
versa. 
Dr. Richard Powers is working 
on a type of oooperative behav-
ior. Cooperation, whether among 
men or other animals, can take 
many forms and scientis.ts believe 
that by studying each of the forms, 
they may learn more about how to 
motivate individuals to be coopera-
tive. 
The "kind" of cooperation Dr. 
Powers is investigating involves two 
individuals. When one of the indi-
viduals completes a certain act, the 
other is rewarded and vice versa. 
Each individual is completely de-
pendent upon his partner for food. 
Experiments involving chimpan-
zees and others with children have 
raised questions that Dr. Powers 
hopes can be answered with less 
elaborate facilities. He therefore de-
signed an experiment in which rats 
are being used to define the faotors 
that help sustain responses under 
such a reward situation. 
In other laboratory research, Dr. 
Carl Cheney and a graduate student, 
Robert Crow, are using pigeons to 
learn more about causes of aggres-
sion. Three sets of pigeons are each 
being trained to a certain schedule 
in which they can earn food (a re-
ward) only if they wait a given time 
before pecking .a lever. One set of 
pigeons will be given possible ob-
jects for aggression (models of pig-
eons or other pigeons) while they 
are being trained. The second set 
will have the opportunity to be ag-
gressive only after they are trained. 
The third set will also be given ob-
jects for aggression after they are 
trained, but these birds will simul-
taneously have to learn a new sched-
ule (wait a longer interval before 
responding) in order to get a re-
ward. The experiment should pr0-
vide considerable insight into what 
sorts of stress are most likely to gen-
erate aggres·sive actions in normally 
peaceful individu.als. 
Dr. Cheney and another graduate 
student, Dan McCarthy, are 3180 
using rats, pigeons and guinea pigs 
to study the effects of now-com-
mon drugs on learning abili·ty. Each 
group of animals is trained to re-
spond in a given way after a specific 
time interval in order to receive a 
reward. The time. it takes to estab-
lish 'the desired behavior in each 
animal is recorded. 
Then some members of each 
group are given a tranquilizer, other 
members receive a stimulant, and 
the remainder receive the equivalent 
of plain water. All the animals are 
then tested to see how long it takes 
them to learn a new schedule. 
Using various animals such as 
chickens and rats, Dr. Cheney is 
studying the aspect of behavior that 
we call memory. The mechanisms 
of memory have received consider-
able attention in many laboratories. 
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But the reported results often raise 
more questions than they answer, 
particularly as to whether memory 
is transferrable between animals in 
the form of brain cellular material. 
One of the most widely publicized 
early efforts involved flat worms 
(planaria) . Some of these worms 
were trained to contract at the on-
set of light. Then the "brains" of the 
trained worms we,re fed to some un-
trained worms. When the untrained, 
"cannibal" worms were subsequent-
ly tested for their response to light 
onset, they seemed to have "learn-
ed" what the trained worms had 
been taught. 
In one of his projects, Dr. Cheney 
is training seve'ral guinea pigs to 
preS's a lever or vocalize to receive a 
reward. Three groups are 'each be-
Figure 11. Work with other animals both at USU and elsewhere has be-
gun to clarify the function of the pineal gland. In man, the pineal is buried 
more or less in the center of the brain. This tiny gland (weighing 0.35 of 
an ounce in man) produces hormones of its own (melatonin and serotonin), 
is affected by the- amount and duration of light that enters an animal's 
eyes, and interacts quite dramatically with the animal's reproductive 
system. For example, in most species, longer days (as in spring and sum-
mer) correlate with decreased production of melatonin and an increased 
production of sex hormones. In birds, long days trigger hormone changes 
that lead to nesting and egg laying activity. By contrast, the shorter days 
of fall help initiate the urge to migrate. 
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ing trained to respond at a different 
rate. Then, by using surgical tech-
njques, the animals in one group 
will be given extracts of brain ma-
terial from animals in a different 
group. These extracts will be placed 
directly into the brains of the recip-
ient animals. The guinea pigs that 
receive the extracts will then be test-
ed to see if their response rate has 
been modified in the direction of that 
of ·the donor animals. 
Eventually, such experiments may 
lead to a precise definition of the 
molecular basis of both long..,term I 
and short-term memories. 
NO QUICK ANSWERS 
Turkeys in Texas, bears in Al-
aska, and pigeons in a laboratory 
may seem totally unrelated to your 
urgent problems of how to motivate 
your children (or yourself) 10 Ix> 
have in certain ways. But unless 
you, your children, and many other 1 
people are willing 10 become human 
"guinea pigs", scientists will have to 
continue to define basic behavior.al 
principles by working with non-
humans. 
The USU program in animal 1» 
havior is designed to produce a 
maximum amount of diverse inform-
ation about several different species. 
This is one of the most promising 
ways now known for identifying gen-
erally applicable principles of 1» 
havior. And if we are to succeed in 
motivating people everywhere to-
ward productive rather than self-
destructive lives, we must accumu-
late such principles as rapidly as 
possible. Meanwhile, the interim re-
sults of research in animal behavior 
can help us realize and sustain our 
place in the natural order of the 
world. 
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ANIMAL BODY WEIGHT AND BODY ORGANS 
AS BIOLOGICAL INDICES 
JOSEPH T. BLAKE and DONALD V. SISSON 
In research, a standard or base is 
\ necessary to' which deviations and 
exceptiDns can be compared. Body 
weight has IDng been a prominent 
and universally used standard in an-
imal research. Body weight also is. 
used as an index of body Drgan size. 
The promin.ent role of body 
weight as an index of grDwth and 
perfDrmance in nutrition studies is 
justified, not because it is ideal and 
infallible, but because a better 
standard has nDt been determined. 
Actually, large errDrs may arise 
by using body weight as a perform-
ance index, and a researcher wDrk-
ing with domestic livestock must be 
cDgnizant and interpret data ac-
cordingly. To cite an example, the 
quantity of aliment in the gastro-
intestinal tract Df an animal varies 
greatly with ,time and causes vari-
atiDns in body weight as great as 30 
percent in ruminants. 
Judgment and interpretatiDn er-
rDrs in measuring physiolDgical data 
may also be large. For example, 
blood volume in young calves may 
·1 apprDximate 9 percent of the total 
body weight whereas in mature cattle 
it may apprO'ximate 6 per cent. The 
difference is primarily due to' differ-
ences in capacity Df their gastroin-
testinal tracts in relation to' tDtal 
body weight rather than differences 
in ratiO' Df blood to body tissue. Er-
rors are lessened with certain types 
of physiological measurements if 
body surface area is used as an add-
ed index. 
• 
In both human and veterinary 
medicine, body weight is an impO'r-
tant criterion in establishing drug 
dosage. Although its fallibility in 
clinical medicine is recognized, it is 
used as a standard for lack of a 
better one. Some refinement is at-
tained by considering Dther factors 
such as sex and age. 
SOME EVIDENCES AND 
RECONCILIATIONS 
Literature reports Df research 
specifically designed to' evaluate the 
reliability of body weight as an index 
of growth and performance or as an 
index of body organ size are lacking, 
although such research is basic and 
impDrtant. It is natural and IDgical 
that body weight plays a prominent 
rDle in evaluating biolDgical re-
sponses. It is relatively easy in-
formatiDn to' attain,. either antemor-
tem or postmDrtem. 
The thesis of this article is two-
fDld: (1) to' cite SDme limitatiDns of 
body weight as a biolO'gical refer-
ence point, and (2) to' suggest the 
use Df other reference points, either 
independently Dr as crDSS references 
to body weight, thereby increasing 
the reliability of data interpretation. 
An experiment recently conducted 
within the Veterinary Science De-
partment Df Utah State University 
provided an opportunity to compare 
body weights and body sizes in a 
grDup of 10 Hereford calves that 
were uniform in age, breeding, diet, 
and management. There were some 
differences in initial body weight; 
five were heifers and five steers. 
Vital statistics are ShDwn in table 1. 
On a total-body basis (from daily 
body-weight-gain data, table 2), 
the steer calves grew at a sig-
nificantly mDre rapid rate f:J:=45 % 
more) than did the heifer calves 
(P 0.01). HDwever, this is a 
biased interpretatiO'n because the 
heifers were smaller and wO'uld gain 
less tO'tal pounds than the steers in 
a given period Df time. If daily 
weight gain is made a functiO'n of 
a standard unit (100 lb.) Df body 
weight, derived from an arithmetic 
average of initial and terminal body 
weights (table 1), the apparent ad- . 
vantage of the steer calves is lessen-
ed to' 19 percent (:~, table 2). 
However, the statistical test ShO'WS 
significance at an even higher level 
than in the first comparison. The sta-
tistical probability nO'w approaches 
0.001. This occurred because of 
JOSE-PH T. BLAKE is a Professor in the De-
partment of Veterinary Science. DONALD 
V. SISSON is an Associate Professor in the 
Department of Applied Statistics-Computer 
Science and Assistant Dean of the College Figure 1. 
of Science. 
Four adrenal glands removed from beef animals of the same 
age and body weight. Note the difference in size. 
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the increased precision obtained by 
essentially eliminating animal weight 
as a source of variability, an accom-
plishment which also could have 
been attained by subjecting the data 
to a covariance analysis. 
An important consideration is the 
relationship _ between body weight 
gain and feed consumption. In the 
experiment, all calves had the same 
diet, so gain per day can be cali-
brated to a standard quantity unit 
(pound) of feed eaten. In such a 
comparison, the steer calves lose their 
apparent efficiency advantage. The 
heifer and steer calves were approxi-
mately equal (:~:;, table 2) con-
verters of feed to body weight. No 
statistical evaluation of this com-
parison was possible since feed con-
sumption was quantitated on a group 
(sex) rather than individual animal 
basis. 
The data can be further standard-
ized by expressing daily body weight 
gain per pound of feed as a function 
of a standary unit (100 pounds) of 
average body weight during the ex-
perimental period. When expressed 
in this manner the heifer calves are, 
ostensibly, 23 percent more efficient 
converters of feed than are the steer 
calves e:g:: , table 2). No statistical 
evaluation of this comparison is 
possible, as explained previously. 
The above illustrations demon-
strate how data from a given experi-
ment might be interpreted far diff-
erently, depending upon the com-
Table 1. Description and growth performance of a control group of ex-
perimental Hereford calves 
Animal 
no. 
1 
2 
3 
4 
5 
Sex 
Female 
Female 
Female 
Female 
Female 
6 Steer 
7 Steer 
8 Steer 
9 Steer 
10 Steer 
8rhree months old 
Bodl weight 
Beginninga Endingb Weight gain 
(Ib) (I b) (Ib) 
229 410 181 
226 420 194 
246 358 112 
174 294 120 
198 360 162 
Avg 214.6 368.4 Total 153.8 
Avg 291.5 
337 603 266 
214 433 219 
284 488 204 
170 396 226 
204 428 224 
Avg 241.8 469.6 Total 227.8 
Avg 355.7 
bSeven months old; trial period was 125 day,s for female and 128 days for steer calv •• 
Table 2. Feed consumption and rates and efficiency of weight gain, as 
related to body size 
Feed consumed per day8 
Daily body weight gain, based on: 
Total gain during trial 
Per 100 Ib average weightb 
Daily weight gain per Ib feed, based on: 
Total gain during trial 
Per 100 Ib per average weightb 
8Both sexes received the same ration 
Average per calf 
Heifers 
(Ib) 
8.82 
1.23 
0.42 
0.139 
0.048 
Steers 
(Ib) 
13.00 
1.78 
0.50 
0.137 
0.039 
bCalculated from average body weight during experimental period (table 1) 
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parison basis. In using body weight 
gain as an index of feed efficiency, 
the same data can show opposing 
results, depending upon the basis 
used for comparison. The purpose 
here is not to evaluate the various 
methods of comparison ( although 
daily gain per pound feed, based on 
total gain during a trial is most com-
monly used and probably most effi-
cacious), but to demonstrate the 
fallibility of body weight as an index 
of biological response and the neces-
sity for a researcher to define his 
bases before interpreting the data. 
A BmER INDEX? 
In studies wherein certain body 
organs or tissues are disproportioned 
or body size and normal growth rates 
are affected by an imposed stress, 
a biologic standard is needed to 
which comparisons can be made. , 
A logical standard would be a body 
organ little affected by the imposed 
stress. 
In the experiment, ,the 10 Here-
ford calves at 7 months of age were 
weighed, then killed, and the lungs, 
metatarsal bones, livers, kidneys, 
spleens, hearts, adrenal glands, and 
thyroid-parathyroid gland combina-
tions were weighed. The lungs were 
divided into right and left halves by 
a standard procedure. Extraneous 
and non-parenchymatous tissues 
were removed from each organ prior I 
to weighing. Daily lbody weight gain 
per calf was calculated. Thus 15 
parameters, as follows, were com-
pared: (1) final body weight; (2) 
daily body weight gain; (3-15) 
weight of each of the following or-
gans or organ components per 100 
pounds final body weight: ( a) right 
metatarsal bone; (b) left metatarsal 
bone; (c) right kidney; (d) left kid-
ney; (e) liver; (f) right adrenal 
gland; (g) left adrenal gland; (h) .J 
right half of lung; (i) left half of 
lung; (D total lung; (k) heart; (1) 
complete thyroid-parathyroid com-
plex; and (m) spleen (see taJble 3). 
In addition to the 10-calf control 
group, there were three other groups 
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of calves, comparable in every re-
spect except for the treatments 
(stresses) imposed upon them. One 
group was stressed with high alti-
tude-induced hypoxia, another grDup 
with an induced imbalance of cal-
cium and pDtassium, and the third 
group with both stresses. One ques-
tion in the Driginal experiment CDn-
cerned the extent to which the 
stresses affected the sizes Df various 
body organs. Part of the answer lay 
~ in comparison of body organ sizes, 
using the control group as reference. 
To accomplish this, organ weight 
had to be related to' a standard unit 
of body weight, since the calves 
were unequal in size. To relate Dr-
gan weight to a standard unit of 
H body weight (100 lb.) became prob-
lematic because the stresses alsO' in-
fluenced growth rate. A secDnd poss-
ible cDmparison was with some body 
organ which remained relatively con-
stant in size and uninfluenced by 
extrinsic factDrs. Since such an Dr-
gan has nDt been clearly identified 
in the literature (and may nDt exist), 
one objective Df the research was to 
learn mDre about cDnstancy of body 
organ size. A dilemma similar to 
the one described exists in most ani-
mal experiments that concern bio-
logical response. 
In the experiment with the con-
trDI grDup of 10 HerefDrd calves 
and the three other similar but stress-
ed groups, it was necessary to' learn 
mDre about variability of body or-
, gan size from animal to animal per 
standard unit of body weight. Ac-
cDrdingly, weights Df the 13 organ 
parameters were calculated per 100 
pounds final body weight and com-
parisDns were made among the 10 
control calves. Of interest were: (1) 
size variations of a particular organ 
from calf to' calf; (2) size variatiDns 
among the various organs frDm calf 
to calf; (3) relation of organ size to 
total body weight as well as to a 
standard unit of body weight, and 
to body weight gain. 
The data were treated with an 
analysis Df variance, and cDrrela-
tions and coefficients of variation 
were determined. CorrelatiDns 
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among the parameters (105 cDrrela-
. tiDns) were determined fDr the 10 
calves. The 14 correl;;. tions Df each 
parameter, i.e., the correlatiDn of 
each parameter to each of the Dther 
14, were averaged, and the resulting 
average was termed "correlation in-
dex value." These values were cal-
culated frDm the 10 calves rather 
than from the 5 calves of each sex, 
in order to increase n. The corre-
lation index values are shown in 
table 3. Coefficients of variations 
ShDwn in the table are simple arith-
metic ave.rages of the 10 oalves, ob-
tained by dividing standard devi-
atiDn x 100 by the mean. The co-
efficient Df variation for each para-
meter is a measure Df uniformity of 
that parameter among the 10 calves. 
FrDm the data (table 3) it is evi-
dent that some body Drgans are 
highly correlated in size to body 
weight and others are not. The "left 
lung" actually had a higher correla-
tion index value and a smaller c0-
efficient Df variation than did final 
body weight. There were little diff-
erences in most of the parameters. 
The first six listed (table 3) were 
particularly close, when both cor-
relation and variation are cDnsid-
ered. 
One would expect close correla-
tions among the parameters since the 
organ weights were expressed on a 
standard unit Df body weight. To 
better evaluate interrelatiDnships 
amDng the parameters, the least sig-
nificant difference (LSD) and Tu-
key's tests were cDnducted on the 
data after making an analysis Df 
variance where the 14 correlation.s 
of each variable to the Dthers were 
used as replications. The value for 
the LSD test was 0.1851, and for the 
Tukey's test it was 0.2169. In table 
4 the correlation index values are re-
arranged to' demDnSltrate degrees of 
uniformity of the parameters. 
The heart, spleen, and right ad-
renal gland were least correlated to 
the other parameters. Using the 
most liberal (LSD) of the two tests 
for significance, the heart differed 
significantly with 11 DUt of 14 para-
meters, the spleen with 10 Dut of 14, 
and the right adrenal gland with 3 
out of 14. Wi,th these 24 exceptions, 
the Dther 81 interparameter two-way 
cDmparisons were significantly inter-
related to' each other. 
INTERPRETATIONS AND 
CONCLUSIONS 
Body weight is a valuable but fall-
ible index of grDwth performance in 
Table 3. Correlation index values and coefficients of variation of 15 
parameters, to measure uniformity of body growth and body 
organ sizes 
Correlation 
Parameter index values Coefficient variations 
no. Valuea Ranking Coefficientb Ranking 
11, left lung 0.818 1 18.8 8 
1, final body weight 0.807 2 19.9 10 
12, total lung 0.795 3 18.7 7 
4, left metatarsal 0.780 4 17.8 4 
10, right lung 0.774 5 18.6 6 
3, right metatarsal 0.760 6 16.3 2 
14, thyroid-parathyroid 0.755 7 27.8 14 
7, liver 0.752 8 23.9 11 
6, left kidney 0.734 9 16.7 3 
5, right kidney 0.725 10 13.9 1 
9, left adrenal 0.700 11 17.8 4 
2, gain per day 0.670 12 24.6 12 
8, right adrenal 0.609 13 19.3 9 
15, spleen 0.533 14 29.7 15 
13, heart 0.506 15 25.9 13 
aAn average of the correlation of each parameter to . the other 14 parameters; values shown 
are averages for the 10 calves 
bAverage of 10 calves 
63 
Utah Acrieultural Elrperiment Station 
Utah State University 
Loaan. Utah 84321 
• 
POSTAGE PA I D 
Publication: U.S. Department of Agriculture 
UTAH SCIENCE 
animal trials. The fallibility is dem-
onstrated with different efficiency 
values for four different applications 
of body weight data in calculating 
daily gain. Furthermore, correlation 
of gain per day to final body weight 
was not high (2: 1, table 4). The 
need for perspicuity in defining the 
use of body weight in reporting 
growth data is evident, and one 
should be careful in using daily body 
weight gain as an independent index. 
Body organ size can be used as a 
biologic standard, but not entirely in-
dependent of body weight. The or-
gan size must be expressed on the 
POSTMASTER: F1ease return if unclaimed 
basis of a standard unit of total body 
weight. Of the body organs in-
cluded in this report, the lung and 
metatarsal bones would be the most 
reliable standards since they were 
most highly correlated with all the 
parameters measured and had low 
coefficients of variation (table 3). 
In trials wherein experimental an-
imals are necropsied and one needs 
to evaluate the influence of a treat-
ment on body organs or total body 
weight, it would be prudent to save 
the lungs and metatarsal bones for 
reference. A precaution in special 
cases would be to ascertain that the 
biological factor or treatment effect 
to be measured did not impose a 
particular influence on these refer-
ence organs. In this event, the organs 
will still have reference value when 
the treated are compared to control 
groups. 
Weaknesses of the data used in 
this article to relate body weight to 
organ size and evaluate ·their use as 
biologic standards are recognized. 
The experiment was not designed for 
this purpose. It would have been bet-
ter had the calves been exactly equal 
in size at the time of necropsy and 
had there been a larger number. 
Certainly, organs in addition to 
those listed, such as brain or muscle, 
should be considered. There has 
been no elaboration concerning the 
microscopic indices of size and 
growth, or the importance of relat-
ing microscopic to gross. N everth~ 
less, the data are provocative con-
cerning the need to evaluate present-
ly used biological standards, and 
considerable credence can be placed 
in the conclusions. 
Table 4. Correlation index values of 15 parameters arranged to demonstrate significance of interrelationships 
Para-
meter 
no a 
Corr. 
index 
values 
Differences in correlation index values; parameter in ordinate minus parameter in abscissa 
-13 -15 -8 -2 -9 
11 .818 .312 
I I 
.285 .209 I .148 .118 
1 .807 .301 .274 .198 I .137 .107 
12 .795 .289 .262 .186 I .125 .095 
4 .780 .274 .247 
r - ---
1.171 .110 .080 
10 .774 .268 .241 1.165 .104 .074 
3 .760 .254 .227 1.151 .090 .060 
14 .755 .249 .222 1. 146 .085 .055 
.752 i .082 .052 7 .246 .219 ,.143 
6 .734 .228 ! .201 ,.125 .064 .034 
5 .725 .219 .192 1. 116 .055 .025 
r---- ... 
9 .700 .J~~ __ :.167 .091 .030 -0-
2 .670 .164 .137 .061 -0-
8 .609 .103 .076 -0-
15 .533 .027 -0-
13 .506 -0-
aFor identification of parameters, see table 3 
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-5 -6 -7 -14 
.093 .084 .066 .063 
.082 .073 .055 .052 
.070 .061 .043 .040 
.055 .046 .028 .025 
.049 .040 .022 .019 
.035 .026 .088 .005 
.030 .021 .003 -0-
.027 .018 -0-
.009 -0-
-0-
-3 
.058 
.047 
.035 
.020 
.014 
-0-
-10 -4 -12 -1 -11 • 
.044 .038 .023 .011 -0-
.033 .027 .012 -0-
.021 .015 -0-
.006 -0-
-0-
LEGEND: 
LSD test 0.1851 
Tukey test 0.2169 
; 
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